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1 INTRODUCTION 

This Remedial Investigation (RI) Report has been prepared on behalf of International Paper 
Company (IPC) and McGinnes Industrial Maintenance Corporation (MIMC; collectively 
referred to as the Respondents), pursuant to the requirements of Unilateral Administrative 
Order (UAO), Docket No. 06-03-10, which was issued by the U.S. Environmental Protection 
Agency (USEPA) to IPC and MIMC on November 20, 2009 (USEPA 2009a).  The UAO 
directs IPC and MIMC to conduct a Remedial Investigation and Feasibility Study (RI/FS) for 
the San Jacinto River Waste Pits Superfund Site in Harris County, Texas (the Site).1  The 
UAO provides for two Site characterization deliverables: the Preliminary Site 
Characterization Report (PSCR), previously approved by USEPA, and a report summarizing 
the results of the RI.  This RI Report meets the second requirement under the UAO by 
presenting a complete characterization of the area within the preliminary perimeter referred 
to in the UAO (USEPA’s Preliminary Site Perimeter)2 according to specific guidance cited in 
the UAO (i.e., USEPA 1988).   
 

1.1 Description of the Area within USEPA’s Preliminary Site Perimeter 

USEPA’s Preliminary Site Perimeter encompasses several impoundments, built in the mid-
1960s for disposal of paper mill wastes, and surrounding in-water and upland areas as shown 
in Figure 1-1.  In 1965 and 1966, pulp and paper mill wastes (both solid and liquid) were 
reportedly transported by barge from the Champion Paper Inc. paper mill in Pasadena, 
Texas, and deposited in the impoundments.  The impoundments are located on the western 
side of the San Jacinto River, in Harris County, Texas, north and south of the Interstate 
Highway 10 (I-10) (Figure 1-1). 
 
The UAO describes in its findings of fact a basic history of the impoundments located north 
of I-10.  USEPA has subsequently required investigation of an impoundment located to the 
south of I-10, citing historical documents indicating possible waste disposal activities in that 

                                                 
1 References to “the Site” in this document are intended as reference to the formally designated Superfund site 
and not to a geographical area. 
2 For the purposes of this document, the term “USEPA’s Preliminary Site Perimeter” refers to the area shown 
within the “preliminary perimeter” in Appendix B of the UAO. 
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area.3  This document addresses these two impoundment areas separately, as the “northern 
impoundments” or “impoundments north of I-10” and the “southern impoundment” or 
“impoundment south of I-10.”  The area of investigation south of I-10 is further defined as 
“Soil Investigation Area 4” (Figure 1-1) and adjacent sampled areas, because USEPA required 
sampling of additional areas to the west and south of Soil Investigation Area 4 on the 
peninsula south of I-10 in 2012.  Sampling locations and other details are presented in the 
discussion of the soil study in Section 2 of this RI Report.  The distinction between the 
northern impoundments and the southern impoundment primarily applies to information on 
soil and groundwater.  Where this distinction is not made (e.g., for sediment and tissue), the 
text and data analyses address the overall area within USEPA’s Preliminary Site Perimeter, as 
depicted in the UAO.  
 
Concurrently with the RI/FS, a time critical removal action (TCRA) has been implemented 
by IPC and MIMC under an Administrative Order on Consent (AOC) with USEPA (Docket 
No. 06-12-10, April 2010; USEPA 2010), and is described briefly below.  The TCRA did not 
address the southern impoundment.   
 

1.2 Purpose 

The RI Report is presented to summarize the body of information developed for the area 
within USEPA’s Preliminary Site Perimeter since the UAO was issued in December 2009, 
along with other relevant information and datasets developed by other parties, in support of 
the evaluation of remedial alternatives in the feasibility study (FS).  This document was 
prepared consistent with specific guidance as directed by the UAO (USEPA 1988).  As such, 
it includes a summary and results of field activities to characterize that area, classification of 
groundwater beneath the northern and southern impoundments, description of the nature 
and extent of selected chemicals of interest (COIs) within USEPA’s Preliminary Site 
Perimeter, and fate and transport information.  It was developed to be as consistent as 
possible with the general outline for an RI Report provided in Table 3-13 of the USEPA 
(1988) guidance, as specified by the UAO, and provides a complete report of the specific 
investigative information that will be relied on to evaluate remedial alternatives.  

                                                 
3 The Respondents have submitted letters to USEPA dated July 20, 2011 setting out their respective positions 
with regard to the inclusion of the “southern impoundment” as a part of the RI/FS under the UAO. 
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This document does not include some of the topics listed in Table 3-13 of USEPA (1988) 
because not all topics listed there are relevant.  Focusing on only subjects of concern to the 
purpose of this RI Report is consistent with USEPA (1988) guidance.  This RI Report adds 
data and information not addressed by the outline provided in the USEPA (1988) guidance, 
such as conceptual site models (CSMs), that are necessary to support the evaluation of 
remedial alternatives.  Finally, some topics (e.g., risk assessment) anticipated by the 1988 RI 
guidance (USEPA 1988) are presented in separate reports completed pursuant to the UAO, 
and are summarized here.  
 

1.3 Time Critical Removal Action 

Completion of the TCRA is an important part of the context in which this RI Report is 
presented.  The TCRA program involved capping and isolation of the wastes in the 
impoundments north of I-10, with related construction completed in July 2011.  The purpose 
of the TCRA was to stabilize the entire area within the original 1966 perimeter of the 
impoundments north of I-10 (the TCRA Site) (Figure 1-2), until a final remedy is 
implemented (USEPA 2010).  Aerial images of the affected area before and after construction 
on July 14, 2011 are shown in Figure 1-3.  This section briefly describes the objectives and 
the selected alternative for implementation of the TCRA.   
 

1.3.1 Removal Action Objectives 

As presented in the Action Memorandum (an appendix to the AOC), the following removal 
action objectives for the TCRA were identified: 

• Stabilize waste impoundments to withstand forces of the river. 
− The barrier design and construction must be structurally sufficient to withstand 

forces sustained by the river including any future erosion and be structurally 
sound for a number of years until a final remedy is designed and implemented 
(USEPA 2010). 

− Technologies used to withstand forces sustained by the river must be structurally 
sufficient to withstand a storm event with a return period of 100 years until the 
nature and extent of chemicals of concern (COCs) for the area within USEPA’s 
Preliminary Site Perimeter is determined and a final remedy is implemented. 
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• Prevent direct human contact with the waste materials (USEPA 2010, Appendix A, 
IV.A.1; page 9; 1st paragraph).   

• Prevent benthic contact with the waste materials (USEPA 2010, Appendix A, III.B). 
• Ensure that the “actions are consistent with any long term remediation strategies that 

may be developed for the Site” (USEPA 2010, Appendix A, V.A.2), noting that because 
this action constitutes source control, these actions are consistent with any long-term 
remediation strategies that may be developed (USEPA 2010, Appendix A). 

 

1.3.2 Overview of the TCRA Preferred Alternative 

As required by the AOC, the Respondents prepared a TCRA Alternatives Analysis 
(Anchor QEA, LLC [Anchor QEA] 2010a) of potential design options for the TCRA.  Upon 
review of the TCRA Alternative Analysis, USEPA selected a granular cover designed to 
withstand a storm event with a return period of 100 years.  The major construction elements 
of the selected design were as follows: 

• Construction of a security fence on the uplands to prevent unauthorized access to the 
TCRA Site; this initial work had been completed as of April 29, 2010, with additional 
fencing being installed in December 2010 

• Placement of “Danger” signs indicating that this is the location of a Superfund site, and 
providing a phone number to contact authorities with more information 

• Preparation of the TCRA Site (including clearing vegetation), preparation of a staging 
area, and construction of an access road 

• Installation of a stabilizing geotextile barrier over the eastern cell 
• Installation of a low-permeability geomembrane and geotextile barrier in the western cell 
• Installation of granular (e.g., rock) cover  
• Use of appropriate health and safety and environmental control measures during 

construction 
• Design and implementation of an operations and maintenance plan for the TCRA. 

 
TCRA construction has been completed, and operations, monitoring, and maintenance are 
ongoing.   
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1.4 Report Objectives 

The specific objectives of this RI Report are as follows: 

• Describe investigation activities completed under the RI. 
• Identify and summarize other relevant information and datasets that will be relied on in 

the RI/FS. 
• Describe the environmental setting of the area within USEPA’s Preliminary Site 

Perimeter. 
• Characterize background levels of chemicals of potential concern (COPCs) in samples 

collected from background areas selected for this RI. 
• Describe the spatial distribution of selected chemicals within USEPA’s Preliminary Site 

Perimeter, focusing primarily on the final COCs identified in the baseline human health 
risk assessment (BHHRA) and baseline ecological risk assessment (BERA). 

• Present available information on sources of COCs, their releases to the environment 
within USEPA’s Preliminary Site Perimeter, and their fate and transport within the 
environment. 

• Summarize the findings of the BHHRA and BERA performed for the area within 
USEPA’s Preliminary Site Perimeter. 

• On the basis of the BHHRA, BERA, and background evaluation, identify protective 
concentration levels (PCLs) for COCs in environmental media within USEPA’s 
Preliminary Site Perimeter. 

• Integrate the findings of the RI and risk assessments into CSMs, using information on 
nature and extent of contamination; sources of COCs; releases, fate, and transport of 
COCs; background conditions; and risks to human and ecological receptors.  

 
A synthesis of the RI study elements (described below) has been applied to refine the CSMs 
described in the PSCR (Integral and Anchor QEA 2012a), updating those CSMs on the basis 
of new information developed since then and reported herein.  CSMs provide the basis for 
development of remedial action objectives (RAOs) and development of PCLs, which will 
inform and focus the evaluation of remedial alternatives in the FS.  Refined CSMs for both 
the area north of I-10 and aquatic environment, and the southern impoundment area are 
presented within their respective sections.  
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1.5 Background and Approach 

This RI Report builds on several approaches, findings, and decisions presented in previous 
submittals that have been reviewed and approved by USEPA.  Among these are four key 
concepts that are applied in organizing the information presented in this RI Report and 
discussed in this section: 

• The organization of the RI around study elements 
• The progressive identification of COIs to the RI, the screening of COIs to select COPCs to 

be evaluated further in the BHHRA and BERA, and the determination of a final set of 
COCs that pose risks that are higher than the thresholds considered acceptable by USEPA 
to human and/or ecological receptors 

• The use of dioxins and furans as an indicator chemical group 
• The definition of “baseline,” which for the area north of I-10 and aquatic environment is 

the condition that existed immediately prior to TCRA implementation, and for the area 
of investigation on the peninsula south of I-10 is the current condition. 

 

1.5.1 Study Elements 

There are four study elements being addressed by the RI/FS, as initially described in the 
RI/FS Work Plan (Anchor QEA and Integral 2010a).  These elements provide the 
organizational framework for data collection and data analysis activities.  The reporting of 
new data and results of new analyses in subsequent sections of this document refers to one or 
more of the following: 

• Study Element 1, Nature and Extent Evaluation – This study element is directed at 
characterization of the nature and extent of COCs (for the northern impoundments and 
aquatic environment) or of COIs (for the area of investigation south of I-10 and adjacent 
sampled areas) within USEPA’s Preliminary Site Perimeter. 

• Study Element 2, Exposure Evaluation – This study element generates the conceptual 
frameworks, data, and information needed to evaluate ecological and human exposures 
and risks for the area within USEPA’s Preliminary Site Perimeter. 

• Study Element 3, Physical CSM and Fate and Transport Evaluation – This study element 
develops data for use in describing the physical and chemical processes that govern fate 
and transport of selected chemicals in soil and sediment associated with the area within 
USEPA’s Preliminary Site Perimeter, supporting development of CSMs. 
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• Study Element 4, Engineering Construction Evaluation – Data generated under this study 
element will be used to support the remedy design, including the potential removal of 
contaminated soil or sediments, and the potential construction of containment features 
within USEPA’s Preliminary Site Perimeter. 

 
This RI Report synthesizes the information collected to date to address each of these study 
elements, while recognizing and preserving important distinctions in data usage captured by 
the study element concept.   
 

1.5.2 Chemicals of Interest, Chemicals of Potential Concern, and Chemicals of 
Concern 

COIs, COPCs, and COCs were identified through a series of analyses as summarized in this 
section.  The schedules and process differed for investigations of the area north of I-10 and 
aquatic environment and for the area of investigation on the peninsula south of I-10.  Below 
is a summary of the process for each area. 
 

1.5.2.1 Area North of I-10 and Aquatic Environment 

Shortly following initiation of this RI/FS in 2009, development of the Sediment Sampling and 
Analysis Plan (SAP) required identification of chemical analytes for sediment.  The 
identification process is described in Section 1 of the Sediment SAP (Integral and Anchor 
QEA 2010a) and is also included as Appendix C of the RI/FS Work Plan (Anchor QEA and 
Integral 2010a).  To identify the list of COIs for the RI (Table 1-1), those chemicals that are 
on the list of USEPA’s priority pollutants or on the contract laboratory program’s target 
analyte list were assembled into one list.  From that list of 173 chemicals, COIs were 
identified as those that 1) are reported by one or more technical papers as potentially 
occurring in pulp mill solid wastes or leachate from solid waste landfills containing pulp mill 
wastes, and 2) are likely to have bound to sediment organic carbon or could otherwise have 
persisted for more than 40 years in the San Jacinto River environment.  COPCs were then 
identified from the list of COIs using a risk-based screening process and data that were 
available in 2009, as documented in Appendix C of the RI/FS Work Plan.   
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Due to uncertainties associated with the sediment dataset available at the time that the 
sediment study was designed, some chemicals could have met both of the two criteria above, 
but there were no data available on those chemicals at the time.  As a result, this initial 
evaluation designated “primary” and “secondary” COPCs.  Primary COPCs were those 
chemicals known to be present in samples from within USEPA’s Preliminary Site Perimeter 
at concentrations above risk-based screening levels.  Secondary COPCs were those chemicals 
that could have been present but for which no data were available or, when data were 
available, were not detected in sediment samples prior to issuance of the UAO.   
 
Subsequent analyses of the sediment data collected as a result of implementation of the 
Sediment SAP are documented in the COPC Technical Memorandum (COPC Tech Memo) 
(Integral 2011a). 4  These analyses resulted in the removal of “primary” and “secondary” 
designations, and determination of the final list of COPCs for the area north of I-10 and 
aquatic environment (Table 1-2).  As shown in this table, the final list of COPCs indicates the 
receptor group for which risks were evaluated: human receptors, fish and wildlife, and 
benthic macroinvertebrate communities.  
 
The final step in this process was the identification of COCs, which is the subset of COPCs 
determined to potentially pose risks to the hypothetical human and/or ecological receptors 
evaluated by the BHHRA (Integral 2013) and BERA (Integral 2012c; Appendix D).  The 
BHHRA and the BERA for the area north of I-10 and aquatic environment (Integral 2012c), 
summarized in Section 5 of this RI Report, identified the following COCs for this area: 

                                                 
4 Several volatile organic compounds (VOCs) were considered COPCs prior to sediment sampling, but were not 
brought forward as COPCs.  An evaluation of preliminary results (unvalidated data) performed during sediment 
sampling found that VOCs were undetected outside the original 1966 perimeter of the impoundments north of 
I-10 and in all subsurface samples within the 1966 perimeter of the impoundments north of I-10.  For a small 
number of surface samples from within the impoundments, the laboratory reported estimated (J-qualified) 
concentrations of a few VOCs.  These findings were shared with USEPA during the sampling event, and USEPA 
agreed that further analyses for VOCs in sediments were not necessary (Tzhone 2010a, pers. comm.).  An 
evaluation of validated data did not change the results that were discussed with USEPA during the sampling 
event.  Of the 648 results for VOCs reported by the laboratory, five results were J-qualified after validation, and 
one result was changed from J-qualified to U-qualified (nondetect).  On the basis of these very low detection 
frequencies, VOCs have not been considered COPCs for the impoundments north of I-10 and aquatic 
environment. 
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• Human health COCs 
− Dioxins and furans 
− Polychlorinated biphenyls (PCBs) 
− Mercury 

• Ecological COCs 
− Dioxins and furans. 

 

1.5.2.2 Area of Investigation on the Peninsula South of I-10 

In an August 26, 2010 email providing comments on the draft RI/FS Work Plan, USEPA 
(Tzhone 2010c, pers. comm.) directed that the RI/FS Work Plan include plans to sample soil 
in and around an area that USEPA believed has been the location of another paper mill waste 
impoundment.  The Soil SAP (Integral 2011c) described generally the plans for sampling 
south of I-10 in Soil Investigation Area 4.  Because prior to the soil investigation, there were 
no data available for soils south of I-10, a list of COPCs could not be developed.  Soil SAP 
Addendum 1, which provided a detailed plan for the initial soil investigation on the 
peninsula south of I-10, proposed the COIs (Table 1-1) as soil analytes.  This approach was 
approved by USEPA, and sampling was conducted in March 2011. 
 
A screening evaluation using the analytical results for soils collected in 2011 from Soil 
Investigation Area 4 found very few samples with COIs exceeding conservative screening 
values (see Attachment 1 to Soil SAP Addendum 3; Integral 2012d).  However, on 
December 8, 2011, USEPA (Miller 2011a, pers. comm.) sent a letter directing a Phase II 
investigation, including additional soil, groundwater, and sediment sampling in the area 
south of I-10.  USEPA required that Phase II involve collection of additional soil samples as 
well as sediment and groundwater samples in and to the west and south of Soil Investigation 
Area 4.  USEPA’s letter required that new samples of soil, sediment, and groundwater be 
analyzed for COPCs listed for the area north of I-10 and aquatic environment in Table 1-2.  
On March 1, 2012, USEPA sent three letters with additional requirements for each of these 
media, including analysis of a wide suite of chemicals not previously required for this RI.  
These additional analytes included more than 100 semivolatile organic compounds (SVOCs) 
and volatile organic compounds (VOCs) not previously considered for soil and groundwater; 
and all 209 PCB congeners in soil and sediment.  The complete lists of soil, sediment, and 
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groundwater analytes for the 2012 investigation in Soil Investigation Area 4 and adjacent 
areas are provided in Tables 1-3, 1-4, and 1-5, respectively. 
 
The BHHRA (Integral 2013) and the BERA for the area of investigation on the peninsula 
south of I-10 (Appendix D), developed concurrently with this RI Report, address the process 
of determining which of these additional COIs are COPCs that require further evaluation in 
the risk assessments.  COPCs for soils in the area of investigation on the peninsula south of 
I-10 are shown in Table 1-2.  Related baseline risk evaluations are summarized in Section 6 
of this RI Report and are presented fully in their respective reports (Integral 2012c; 
Appendix D).  According to the baseline risk assessments conducted using samples collected 
on the peninsula south of I-10 for this RI, there are no COCs for human health in the area of 
investigation on the peninsula south of I-10.  For ecological receptors, the COCs for the area 
of investigation on the peninsula south of I-10 include the metals lead and zinc.  Descriptions 
of the nature and extent of COIs in Section 6 are not limited to these metals, however, and 
instead address all COPCs and selected analyte groups for completeness. 
 

1.5.2.3 Treatment of COPCs and COCs in this RI Report 

This RI Report presents data summaries and analyses that address COPCs and COCs, with 
greater emphasis and detail devoted to COCs, according to the following guidelines: 

• Detailed descriptions and data presentations on the spatial distribution and extent of 
chemicals and their sources within USEPA’s Preliminary Site Perimeter are provided for 
COCs for the area north of I-10 and aquatic environment, consistent with the PSCR 
(Integral and Anchor QEA 2012a, Section 1.3.2, p. 1-5).  For the area of investigation on 
the peninsula south of I-10, the distribution and concentrations of the COCs (lead and 
zinc) in soils are provided, but additional information on other chemicals required for 
analysis by USEPA is also presented. 

• Summary statistics presented in the PSCR for all COPCs are not repeated in the main 
report, except for those media for which new data are available and for the analysis of 
outliers in the background data.  For example, in the main body of this RI Report, 
summary statistics for COPCs in sediments throughout the area within USEPA’s 
Preliminary Site Perimeter are presented because additional sediment data have been 
developed since submittal of the PSCR.  Summary statistics are presented for all 
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chemistry data in soil and groundwater for the area south of I-10.  Summary statistics to 
supplement those presented in the main text of this RI Report are provided in 
Appendix C. 

• Reference envelope values (REVs) for background datasets are presented for COPCs in all 
media, because the outlier analysis required by USEPA in comments on the draft PSCR 
was inclusive of all chemicals in this group.  

 

1.5.3 Indicator Chemicals 

The discussion of COIs in the Sediment SAP (and in Appendix C of the RI/FS Work Plan) 
establishes dioxins and furans as the indicator chemical group for the RI, and provides the 
supporting rationale.  In summary, designation of an indicator chemical group is consistent 
with USEPA (1988) guidance for conducting an RI/FS under the Comprehensive 
Environmental Response, Compensation and Liability Act of 1980 (CERCLA) and focuses the 
RI on those chemicals likely to be of greatest concern.  Use of an appropriately chosen 
indicator chemical reduces the time required to develop and implement a remedial strategy, 
which is necessary to meet USEPA’s schedule for this investigation (RI/FS Work Plan, 
Section 8). 
 
For the RI/FS, dioxins and furans are an appropriate indicator chemical group because their 
concentrations relative to risk-based screening values are very high in samples taken from 
the impoundments north of I-10 and at depth in soils south of I-10.  The degree to which 
they exceed risk-based screening levels in source materials relative to that of the other 
COPCs is also very high, and they are the most important risk driver (Integral 2013; 
Appendix D).  Since the wastes in the impoundments north of I-10 and which may affect 
soils south of I-10 both are presumed to have originated at the Champion Paper mill at 
around the same time, they would be expected to have similar chemical compositions; the 
similarity of the dioxin and furan mixtures in paper mill wastes in these two areas is 
confirmed later in this document.  For these reasons, dioxins and furans are the chemicals 
most relevant to the evaluation of remedial alternatives in the FS.  Therefore, the focus of 
several analyses presented in this document and prior documents is dioxins and furans. 
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1.5.4 Baseline Conditions 

USEPA guidance requires that an RI include evaluation of baseline risks to human and 
ecological receptors.  “Baseline” in this context refers to the conditions within USEPA’s 
Preliminary Site Perimeter before any remediation takes place.  As such, baseline conditions 
provide a point of reference for evaluation of the no-action alternative in the FS, and for 
quantification of risk reduction that can be achieved by each of several remedial alternatives 
to be considered in the FS.  For the area north of I-10 and aquatic environment, baseline 
specifically means environmental conditions that existed immediately prior to 
implementation of the TCRA.  There is no basis for assuming that baseline represents 
conditions that existed at any time earlier than immediately prior to the TCRA, or that 
baseline conditions would have continued to exist had the TCRA not been implemented.  
For the area of investigation on the peninsula south of I-10, baseline refers to the current 
condition.  Baseline conditions for the RI/FS are characterized using the baseline dataset, as 
discussed further in Section 2.   
 

1.6 Report Organization 

Subsequent sections of this RI Report present the following: 

• Section 2, Investigation and Environmental Datasets – A complete summary of 
investigation activities conducted during the RI; listing of historical and contemporary 
physical and chemical datasets for the area within USEPA’s Preliminary Site Perimeter; 
review of data usage in the RI/FS; data treatment rules; and review of RAOs 

• Section 3, Environmental Setting – A review of the physical and human characteristics of 
the area within USEPA’s Preliminary Site Perimeter and its environs, including landscape 
features, climate, surface water hydrology, geology, hydrogeology, demography and land 
use, ecology, and habitats 

• Section 4, Background Concentrations of COPCs – A statistical evaluation of the 
concentrations of COPCs measured in soil, sediment, and tissue collected from 
background locations  

• Section 5, Area North of I-10 and Aquatic Environment – Descriptions of the history of 
the impoundments and the sediment environment as well as terrestrial areas north of 
I-10, the nature and extent of COCs, and sources of COCs in soils collected from within 
the Texas Department of Transportation (TxDOT) right-of-way (ROW) and from the 
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upland area north of I-10 and all of the aquatic and sediment environment within 
USEPA’s Preliminary Site Perimeter; summaries of the BERA and the BHHRA for these 
areas; findings of the chemical fate and transport evaluation; refined CSM; and PCLs 

• Section 6, Area of Investigation South of I-10 – A presentation of information for the 
upland investigation south of I-10 that parallels the organization and content of Section 5 

• Section 7, Remedial Action Objectives 
• Section 8, References – A list of references cited. 
 
Several appendices including chemistry data validation reports (Appendix A), presentation of 
biota-sediment accumulation factors (BSAFs) (Appendix B), supplemental summary statistics 
(Appendix C), the BERA for the area of investigation on the peninsula south of I-10 
(Appendix D), and additional details supporting the analyses presented in this RI Report are 
also included (Appendices E, F, G, and H), as listed in the table of contents.  Appendix I 
tabulates responses to USEPA comments on the December 2012 draft of this document. 
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2 INVESTIGATION AND ENVIRONMENTAL DATASETS 

This section describes the investigation conducted in support of the RI/FS, and summarizes 
the available data for use in the RI/FS.  A narrative history of studies conducted during the 
RI is provided, along with a complete listing of documents and reports generated for the RI.  
This section addresses only contemporary information generated by the RI/FS process or 
otherwise suitable for use in describing baseline conditions or conducting baseline risk 
assessments.  The discussion addresses only data collected within USEPA’s Preliminary Site 
Perimeter and data generated by background studies conducted for the RI.  Data for areas 
outside of USEPA’s Preliminary Site Perimeter and historical data are listed in tables, but are 
not discussed in detail because they have been presented in earlier data reviews.  Historical 
chemistry data for sediment, water, and tissue are reviewed in the RI/FS Work Plan (Anchor 
QEA and Integral 2010a) and the Sediment and Tissue SAPs (Integral and Anchor QEA 
2010a; Integral 2010b); no historical chemistry data for soil, groundwater, or air from 
locations within USEPA’s Preliminary Site Perimeter were found prior to approval of the 
RI/FS Work Plan.  Additional historical data appear to exist for soils collected from the 
upland sand separation area and nearby sediments north of I-10, and for soils on the western 
shoreline of the peninsula south of I-10 (Groundwater Services, Inc. [GW Services] 1997).  
These data could not be obtained for this RI Report.  
 
The intent of this section is to provide a complete narrative of the RI and a complete 
reference to the datasets and prior analyses used in the RI/FS to support current and future 
RI/FS tasks, including the baseline risk assessments, chemical fate and transport modeling, 
and the evaluation of remedial alternatives.  The majority of contemporary chemistry data 
have been generated by activities performed as part of the RI/FS or TCRA.  Contemporary 
data describing the physical environment within and in the vicinity of USEPA’s Preliminary 
Site Perimeter are presented in the Removal Action Work Plan (RAWP) for the TCRA 
(Anchor QEA 2010a), the PSCR (Integral and Anchor QEA 2012a), and the Chemical Fate 
and Transport Modeling Study (Anchor QEA 2012b), and are also listed in this section.  The 
data specifically considered to be part of the baseline dataset for the BHHRA and BERA are 
identified. 
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Although data reports are not specifically required for the purposes of the RI/FS, 
Respondents maintain a comprehensive electronic database for the project and provide 
USEPA with periodic updates in Microsoft® Access.  Data management procedures are 
undertaken as described in Appendix A of the RI/FS Work Plan.  Database updates are 
typically provided to USEPA after newly validated data are received and incorporated.  The 
project database is the comprehensive and definitive source of chemistry data to be used for 
the RI/FS and presented in this RI Report. 
 

2.1 Summary of Investigations Conducted for the RI 

Consistent with requirements of the UAO, Respondents held a project scoping meeting with 
USEPA and others on December 7, 2009.  Following this meeting, a series of investigations 
was developed and conducted in collaboration with USEPA and according to the project 
schedule, resulting in the preparation of planning documents, studies involving development 
of new data for the purposes of the RI/FS, and studies involving analysis and synthesis of 
existing information.  Investigations involving collection of new data have been organized 
around the environmental media sampled (sediment, soil, tissue, and groundwater).  For each 
medium, more than one sampling event has been conducted.  As a result, there is a SAP for 
each medium, and where additional sampling has been required, a SAP addendum has been 
prepared to describe the data quality objectives (DQOs) and design for that specific effort.  
Finally, for all media sampled for the RI within USEPA’s Preliminary Site Perimeter except 
groundwater, a background dataset has been developed specifically for the purposes of 
this RI.   
 
All documents have been prepared by Respondents in collaboration with USEPA and other 
public agencies, including the National Oceanic and Atmospheric Administration (NOAA), 
U.S. Fish and Wildlife Service, Texas Commission on Environmental Quality (TCEQ), Texas 
General Land Office, and others.  Generally, a draft of each document was submitted, 
representatives of USEPA and these other groups performed reviews, and USEPA compiled 
and presented comments to Respondents (or in the case of the peninsula south of I-10, to 
IPC).  In many instances, Respondents, USEPA, and others have met to discuss all or some of 
the comments on each of the draft documents.  These discussions and the manner in which 
documents were modified in response to comments is documented in an appendix to each of 
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the documents, in the form of a table presenting the original comment (and any additional 
written input by USEPA) and the Respondents’ response to the comment.  These comment-
response appendices constitute an important record of the evolution of the study presented.  
 
This section describes the studies conducted to date, starting with the planning documents 
for each study, followed by a summary of those studies involving collection of new samples 
or new information, and concluding with a listing and description of documents that 
synthesize available information.  A complete list of approved documents describing 
information, studies, or actions occurring in the area within USEPA’s Preliminary Site 
Perimeter is provided in Table 2-1.  The table includes the document title, the citation, and 
the approval date.  Full citations are provided in the reference list.  A complete description of 
the RI datasets is provided in Section 2.2 (Summary of Physical Datasets) and Section 2.3 
(Summary of Chemical Datasets). 
 

2.1.1 Planning Documents 

At the beginning of the RI/FS in December 2009, Respondents and USEPA were aware that a 
TCRA would take place, and that implementation of the TCRA would alter the baseline 
condition.  For this reason, Respondents and USEPA agreed that the Sediment SAP should be 
prepared in tandem with preparation of the RI/FS Work Plan, and that the Sediment SAP 
would be approved first, allowing baseline sampling within the area to be affected by the 
TCRA could be performed prior to the start of TCRA construction.  Similarly, it was 
necessary to collect the baseline tissue data before TCRA construction; hence, the Tissue SAP 
was also prepared in tandem with, and finalized prior to, the RI/FS Work Plan.   
 
Originally, through the first half of 2010, the focus of the RI was only the northern 
impoundments, soils of the TxDOT ROW and north of I-10, and aquatic environment.  The 
Sediment SAP presents the initial syntheses of existing information on the northern 
impoundment history and sediment chemistry data for the area within USEPA’s Preliminary 
Site Perimeter, as well as the initial development of a CSM.  Expansion and development of 
the CSM occurred in the RI/FS Work Plan, but the CSM presented in the Sediment SAP does 
not address the peninsula south of I-10.  In August 2010, in comments on the RI/FS Work 
Plan (Tzhone 2010c, pers. comm.), USEPA required that the RI/FS Work Plan recognize and 
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commit to evaluation of soils in the peninsula south of I-10.  Thus, the RI/FS Work Plan, the 
Sediment SAP, and the Tissue SAP do not describe or discuss the peninsula south of I-10 in 
any detail.  The area of investigation on the peninsula south of I-10 was first addressed by the 
Soil SAP with the area of proposed soil sampling described therein as Soil Investigation 
Area 4.  Details about the peninsula south of I-10 were first presented in Soil SAP 
Addendum 1. 
 
Below is a summary of each of the planning documents, their contents and contributions to 
the RI, and a summary of any addenda prepared for supplemental investigations and the 
rationale for their preparation. 
 

2.1.1.1 Sediment Sampling and Analysis Plan 

The Sediment SAP (Integral and Anchor QEA 2010a) was prepared consistent with the 
guidance specified by the UAO for preparation of SAPs.  It presents a history for the 
impoundments north of I-10, because it was prepared before the peninsula south of I-10 was 
considered by USEPA to be of interest to the RI.  It establishes the four study elements 
described in Section 1.5.1 to provide an overarching structure for RI studies.  The Sediment 
SAP lists, summarizes, and synthesizes prior studies yielding sediment data for the area 
within USEPA’s Preliminary Site Perimeter or surrounding areas.  An important part of this 
early synthesis of existing information was an analysis of data for samples collected from 
within the original 1966 perimeter of the impoundments north of I-10, along with 
information derived from the literature, to identify the COIs and from those, determine the 
COPCs.  That evaluation led to the identification of primary COPCs, which were known to 
be present within the original 1966 perimeter of the impoundments north of I-10 at 
concentrations higher than screening levels, and secondary COPCs, which could have been 
present on the basis of information on the constituents of paper mill wastes in other contexts.  
Later, following sediment collection and further analysis of sediment chemistry data in the 
COPC Tech Memo (Integral 2011a; discussed in Section 2.1.3.2), the “primary” and 
“secondary” designations were resolved, and final COPCs were identified (Table 1-2).  
 
Identification of COPCs served to focus the sediment study and shaped the DQOs and 
sampling design.  In addition, the Sediment SAP proposed that dioxins and furans be 
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considered an indicator chemical group for the RI, meaning that although other COPCs 
would be evaluated, available information indicated that dioxins and furans were the likely 
risk drivers, were characteristic of the paper mill waste material that was a source of COPCs 
within USEPA’s Preliminary Site Perimeter, and that therefore lines of inquiry focused on 
dioxins and furans would inform the identification of remedial alternatives for all COPCs. 
 
DQOs presented in the Sediment SAP addressed all four study elements: nature and extent, 
exposure assessment, development of the CSM and fate and transport evaluation, and 
engineering construction evaluation.  Specific sampling and analytical procedures to address 
each of these were spelled out in detail in the Sediment SAP.  The Sediment SAP also defined 
an area upstream of USEPA’s Preliminary Site Perimeter as the area from which background 
sediment samples would be collected, noting that this was not a pristine or natural 
environment; sampling in that area was conducted to address Study Elements 1 and 2.  
Finally, the Sediment SAP established analytical methods, field and laboratory methods and 
quality control (QC) procedures, laboratory instrument calibration requirements, assessment 
and response actions, data management procedures, and the data validation and verification 
procedures required for development of an acceptable baseline sediment dataset.  The 
Sediment SAP was approved by USEPA on April 26, 2010 (Tzhone 2010b, pers. comm.). 
 
Because the Sediment SAP provides a thorough representation of the quality 
assurance/quality control (QA/QC) and data handling requirements, collections of sediment 
samples not anticipated by the Sediment SAP were subsequently described by SAP addenda.  
These were generally shorter documents referencing the Sediment SAP for QA/QC and 
documentation procedures and summarizing DQOs for that sampling effort.  Sediment SAP 
addenda resulting in additional sediment data collection are presented in chronological order 
below, with a brief summary of the purpose and context of each addendum. 

• Addendum to the Sampling and Analysis Plan (SAP):  Sediment Study, San Jacinto River 
Waste Pits Superfund Site (Anchor QEA and Integral 2010c), August 2010 (Cedar Bayou 
SAP Addendum) – Following its review of the draft Tissue SAP (Integral 2010b), USEPA 
required that Respondents collect large fish (i.e., hardhead catfish, Arius felis) and blue 
crab (Callinectes sapidus) in an area identified by USEPA as being representative of 
background but not upstream of USEPA’s Preliminary Site Perimeter; USEPA also 
indicated a preferred background location for hardhead catfish and blue crab sampling 
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(i.e., a location other than the one proposed in the draft Tissue SAP).  USEPA requested 
that hardhead catfish and blue crab samples be collected in Cedar Bayou (as described in 
Section 2.1.2.2) to represent background for these tissues, and that sediment sampling be 
conducted prior to tissue sampling to verify the appropriateness of this location to 
USEPA’s objectives.  Sediment chemistry data for Cedar Bayou were used to determine 
whether Cedar Bayou provided a background location acceptable to USEPA for these 
tissue types.  This Sediment SAP Addendum was approved on August 23, 2010 (Tzhone 
2010f, pers. comm.). 

• Sampling and Analysis Plan Addendum, Chemical Fate and Transport Modeling Study, 
San Jacinto River Waste Pits Superfund Site (Anchor QEA and Integral 2011b), January 
2011 – This document presents the work plan for all aspects of the chemical fate and 
transport modeling to be conducted in support of Study Element 3, including general 
descriptions of the sediment transport model, the hydrodynamic model, and the chemical 
fate and transport model, and describes later data collection efforts.  This document was 
approved by USEPA on January 10, 2011 (Tzhone 2011b, pers. comm.). 

• Addendum 1 to the Sediment Sampling and Analysis Plan (SAP) for Additional Upstream 
Sediment Sampling, San Jacinto River Waste Pits Superfund Site (Integral and Anchor 
QEA 2011b), October 2011 (Sediment SAP Addendum 1) – Sediment SAP Addendum 1 
was prepared following a discussion of data gaps identified in the draft PSCR (submitted 
to USEPA on July 20, 2011).  In September 2011, a memorandum providing a summary of 
the data gaps for both tissue and sediment chemistry in background areas was submitted 
to USEPA (Data Gaps Memo; Integral and Anchor QEA 2011c) following a discussion 
with USEPA about data gaps in a meeting on August 30, 2011.  The Data Gaps Memo was 
also included as Attachment A to Sediment SAP Addendum 1, and provides the data 
analysis that supports the DQOs for additional sediment sampling described by Sediment 
SAP Addendum 1.  The purpose of the additional sampling for sediments in the upstream 
background area described by Sediment SAP Addendum 1 was to address data gaps, and 
describe dioxin and furan concentrations in background sediments characterized by a 
grain size distribution (GSD) consisting of greater than 50 percent fine sediments.  
Sediment SAP Addendum 1 was approved by USEPA on October 3, 2011 (Miller 2011c, 
pers. comm.). 

• Addendum 2 to the Sediment Sampling and Analysis Plan (SAP) for Additional Sediment 
Sampling South of Interstate Highway 10 (I-10), San Jacinto River Waste Pits Superfund 
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Site (Integral and Anchor QEA 2012c), April 2012 – In comments on the draft PSCR 
(Integral and Anchor QEA 2011d), USEPA indicated that uncertainties about the 
potential for movement of chemicals from soil in Soil Investigation Area 4 to the aquatic 
environment were unacceptable (Miller 2011b, pers. comm.).  To address the 
uncertainties, USEPA required collection of additional data south of I-10, including 
sediment data.  In USEPA’s letter requiring the additional sediment sampling (Miller 
2011a, pers. comm.), USEPA required sediment sampling at the 0– to 6-inch, 6– to 
12-inch, and 12- to 24-inch intervals at four sediment stations immediately to the west of 
the peninsula south of I-10.  Sediment SAP Addendum 2 was approved by USEPA on 
April 11, 2012 (Miller 2012g, pers. comm.).  

 
Sampling described by all of these documents, and data validation, QA/QC, and related 
documentation have been performed according to specifications of the Sediment SAP.  Data 
validation reports were provided in Appendix A to the PSCR and additional data validation 
reports are presented in Appendix A of this document. 
 

2.1.1.2 RI/FS Work Plan 

The RI/FS Work Plan (Anchor QEA and Integral 2010a) reiterates some of the information 
that was required for and presented in the Sediment SAP, such as a history of the 
impoundments north of I-10 and the structuring of the RI around four study elements.  The 
RI/FS Work Plan presents an initial synthesis of information on the physical setting of the 
area within USEPA’s Preliminary Site Perimeter, including a description of the physical 
environment, surrounding land uses, potential sources in surrounding areas, demographics, 
ecological setting, and cultural resources.  It synthesizes the chemistry data that were 
available prior to conducting the RI to present context for development of the RI, listing the 
available data sources in tables and presenting summaries of key studies.  The RI/FS Work 
Plan also presents data quality criteria and an assessment of the quality of existing data 
within that framework.  The RI/FS Work Plan then uses that information to describe an 
initial comprehensive CSM addressing the potential sources, release mechanisms, and 
transport of waste materials from the impoundments north of I-10 to aquatic and terrestrial 
environments; to evaluate potential exposure pathways; and to describe the framework for 
evaluation of dioxin and furan toxicity.  The CSM is considered to be a dynamic framework, 
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to be informed and modified by new information for the area within USEPA’s Preliminary 
Site Perimeter as it is developed. 
 
The RI/FS Work Plan also outlines the data gaps to be addressed by the RI, an overall 
approach to the RI including assessment of background conditions, plans for the baseline 
human health and ecological risk assessments, and the approach to the FS.  Section 8 of the 
RI/FS Work Plan presents a schedule, which has since been modified.  Modifications to the 
project schedule have been approved by USEPA, as documented in monthly reports.  The 
most recent modification is described in the monthly report submitted on 
November 15, 2012. 
 
Appendices to the RI/FS Work Plan present several foundational components of the RI, 
including: 

• Appendix A – Data Management Plan for the RI 
• Appendix B – Screening Level Ecological Risk Assessment for the area north of I-10 and 

aquatic environment, with attachments describing species potentially found in the area 
and discussing in detail dioxin and furan toxicity to ecological receptors 

• Appendix C – Excerpts from the Sediment SAP describing the methods and logic 
supporting the identification of COPCs 

• Appendix D – Data quality and usability assessments for data extant at the time 
• Appendix E – Geochemistry of primary COPCs 
• Appendix F – Boring logs for samples collected within USEPA’s Preliminary Site 

Perimeter 
• Appendix G – A table summarizing the response to USEPA comments on the draft RI/FS 

Work Plan. 
 
USEPA approved the RI/FS Work Plan on November 2, 2010 (Tzhone 2010g, pers. comm.). 
 

2.1.1.3 Tissue Sampling and Analysis Plan 

The Tissue SAP (Integral 2010b) was prepared consistent with the guidance specified by the 
UAO for preparation of SAPs.  The Tissue SAP addresses Study Element 2 - Exposure 
Assessment for human and ecological receptors.  It presents and evaluates data for tissue 
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chemistry prior to initiation of the RI, and uses that information, along with the 
requirements for performance of the risk assessments, to define the DQOs for the tissue 
collections.  DQOs for the tissue sampling address: 

• Human exposure assessment 
• Ecological exposure assessment 
• Background tissue conditions 
• Sediment-tissue relationships. 
 
The Tissue SAP presents analytical methods, field and laboratory methods and QC 
procedures, laboratory instrument calibration requirements, assessment and response actions, 
data management procedures, and the data validation and verification procedures required 
for development of the baseline tissue dataset.  The Tissue SAP was approved by USEPA on 
September 24, 2010 (Tzhone 2010d, pers. comm.). 
 
Two tissue SAP addenda were generated, each referencing the Sediment SAP for QA/QC and 
documentation procedures, but presenting a summary of DQOs for that sampling effort.  In 
brief: 

• Addendum to the Sampling and Analysis Plan (SAP):  Tissue Study, San Jacinto River 
Waste Pits Superfund Site (Integral and Anchor QEA 2010b), September 2010 (Cedar 
Bayou SAP Addendum) – Following its review of the draft Tissue SAP (Integral 2010b), 
USEPA required that Respondents collect hardhead catfish and blue crab samples from 
Cedar Bayou to represent background.  This Tissue SAP Addendum addressed that 
requirement and was approved on September 29, 2010 (Tzhone 2010e, pers. comm.). 

• Addendum 1 to the Tissue Sampling and Analysis Plan (SAP) for Additional Background 
Catfish and Crab Tissue Sampling, San Jacinto River Waste Pits Superfund Site (Integral 
and Anchor QEA 2011f), October 2011 – The problem to be addressed by additional 
sampling of hardhead catfish fillet and blue crab edible tissue in background areas was a 
lack of information to characterize the true anthropogenic background condition for 
these tissues, which includes the effects of sources of dioxins and furans in the general 
area of USEPA’s Preliminary Site Perimeter that are not associated with the 
impoundments north of I-10.  A background dataset can have several uses in the RI/FS 
process, including assessment of incremental risks, and development of preliminary 
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remediation goals (PRGs).  Data gaps in both tissue and sediment chemistry for 
background areas had been addressed with USEPA and described in the Data Gaps 
Memo, which was submitted to USEPA in September 2011.  The Data Gaps Memo, which 
became Attachment A to Tissue SAP Addendum 1, provides the data analysis that 
supports the DQOs for additional tissue sampling described by Sediment SAP 
Addendum 1.  Tissue SAP Addendum 1 was approved on October 3, 2011 (Miller 2011c, 
pers. comm.). 

 
Sampling described by these documents has been completed, and data validation, QA/QC, 
and related documentation have been performed according to specifications of the Tissue 
SAP.  Data validation reports were provided in Appendix A to the PSCR and additional data 
validation reports are presented in Appendix A of this RI Report. 
 

2.1.1.4 Soil Sampling and Analysis Plan 

The Soil SAP (Integral 2011c) was prepared consistent with the guidance specified by the 
UAO for preparation of SAPs.  At the start of the RI, there were no data available to describe 
chemistry in soil within USEPA’s Preliminary Site Perimeter, so there was no synthesis of 
chemistry data to guide the design.  Instead, the location of the impoundments and 
information on the their history, including information for the peninsula south of I-10, was 
presented to support development of the sampling objectives and design.  The design 
included designation of Soil Investigation Areas 1 through 4, with Areas 1 to 3 being located 
in the area north of I-10 (with some samples in the TxDOT ROW), and Soil Investigation 
Area 4 being located on the peninsula south of I-10.  The investigation for Soil Investigation 
Area 4 was planned and described in Soil SAP Addenda 1 and 3 (Integral 2011d, 2012d), as 
described below.   
 
Certain events in the history of the soil investigation are important to understanding the soil 
dataset: 

• Implementation of the TCRA was underway during preparation of the Soil SAP and 
other planning documents for the RI.  To support TRCA planning, USEPA required two 
soil sampling events to generate relevant information, with samples to be collected prior 
to the sampling described by the Soil SAP.  Samples were collected and analyzed 
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consistent with the draft Soil SAP, which was in preparation at the time, so that they 
would qualify for use in the RI.  These sampling efforts included two locations:  

− TxDOT ROW, August 2010 – Soil samples were collected from 12 locations in the 
ROW at one depth interval (0 to 12 inches) in 2010 according to specifications in 
the approved SAP for that sampling effort (Anchor QEA 2010b).  The Soil SAP 
discusses how these data were evaluated for use in the final soil study design. 

− Upland sand separation area to the west of the impoundments north of I-10, 
November 2010 – USEPA required sampling on the upland sand separation area 
prior to implementation of the TCRA.  Analytical chemistry data were generated 
for samples at 13 stations.  According to the sampling design required by USEPA, 
two depth intervals (0 to 6 inches and 6 to 12 inches) at each station were sampled 
and analyzed for 17 dioxin and furan congeners, total organic carbon (TOC), and 
soil GSD.  At a subset of three locations (for a total of six samples), soil analytes 
also included priority pollutant list chemicals in both depth intervals.  Details of 
the sampling program are presented in an Addendum to the RAWP for the TCRA 
(Anchor QEA 2010a). 

• Sediment sampling for the RI had been completed by the time the soil sampling design 
was developed.  During development of the Soil SAP, USEPA required that additional 
samples be collected in the wastes within the western cell of the impoundments north of 
I-10.  This requirement reflected a desire by TCEQ to characterize COPC concentrations 
in certain depth increments that had not been sampled in the sediment study.  These 
stations were added to the soil sampling design.  As a result, analytical results for samples 
of the waste in the western cell of the northern impoundments appear in the project 
dataset as sediment (if they were described and collected for the sediment study) and soils 
(if they were described and collected in Soil Investigation Area 3).  

• The soil SAP describes collection of soils at the time the groundwater wells were 
developed.  Shallow soils (0 to 6 inches and 6 to 12 inches) from three monitoring well 
locations (SJMWS01, SJMWS02 and SJMWS03) were submitted for chemical analysis.  
Deep soil samples were archived but were not submitted for chemical analysis because 
soil chemistry data from those samples were not needed to interpret the groundwater 
chemistry.   
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Consistent with the other SAPs, the Soil SAP presents analytical methods, field and 
laboratory QC procedures, laboratory instrument calibration requirements, assessment and 
response actions, data management procedures, and the data validation and verification 
procedures required for development of the baseline soil dataset.  The Soil SAP was approved 
by USEPA on January 10, 2011 (Tzhone 2011b, pers. comm.).   
 
Soil SAP addenda resulting in additional soil data collection, and a brief summary of their 
purposes and contexts presented in chronological order, are as follows: 

• Sampling and Analysis Plan, Soil Study. Addendum 1. San Jacinto River Waste Pits 
Superfund Site (Integral 2011d), March 2011 – Soil SAP Addendum 1 presents a detailed 
evaluation of aerial photographs and historical documents to derive a CSM for the 
impoundment thought to be present somewhere on the western half of the peninsula 
south of I-10, which was necessary to identify sampling locations.  Soils were collected 
from soil borings and at the surface to support Study Elements 1, 2, and 3.  Soil analytes 
were COIs (Table 1-1), because no data were available for screening COIs to identify 
COPCs.  Soil SAP Addendum 1 was approved by USEPA on March 4, 2011.  

• Addendum 2 to the Soil Sampling and Analysis Plan (SAP) for Residential Soil Sampling, 
San Jacinto River Waste Pits Superfund Site (Integral 2011f), July 2011 – This addendum 
to the Soil SAP was prepared in response to a letter from USEPA (Miller 2011a, pers. 
comm.), wherein USEPA directs the Respondents to conduct soil sampling in residential 
areas near but outside of USEPA’s Preliminary Site Perimeter.  Soil SAP Addendum 2 
describes soil sampling at residential locations that were later identified by USEPA and 
the Respondents in advance of the field event.  Soil SAP Addendum 2 was approved by 
USEPA on August 3, 2011. 

• Addendum 3 to the Soil Sampling and Analysis Plan (SAP) for Additional Soil Sampling 
South of Interstate Highway 10 (I-10), San Jacinto River Waste Pits Superfund Site 
(Integral 2012d), April 2012 – Soil SAP Addendum 3 was prepared in response to a letter 
from USEPA (Miller 2011a, pers. comm.) requiring a Phase II investigation to include 
additional sediment, soil, and groundwater collection in and adjacent to Soil Investigation 
Area 4.  Soil SAP Addendum 3 describes the additional soil sampling required (Integral 
2011d).  The purpose of the additional study was to provide information on the spatial 
extent of soil in which paper mill wastes may be present, to support evaluation of 
exposures and risks to human and ecological receptors, and to inform development of the 
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CSM for the southern impoundment.  Soils collected during this investigation were 
analyzed for COIs including all COPCs, and an additional list of SVOCs and VOCs 
required by USEPA that had not previously been included in sampling performed for this 
RI.  Soil SAP Addendum 3 was approved by USEPA on April 11, 2012 (Miller 2012g, pers. 
comm.).  

 
Sampling described by all of these documents has been completed, and data validation, 
QA/QC, and related documentation have been performed according to specifications of the 
Soil SAP.  Data validation reports were provided in Appendix A to the PSCR and additional 
data validation reports are presented in Appendix A of this RI Report. 
 

2.1.1.5 Groundwater Sampling and Analysis Plan 

The Groundwater SAP (Anchor QEA and Integral 2011a) was prepared consistent with the 
guidance specified by the UAO for preparation of SAPs.  Samples of groundwater from below 
the impoundments north of I-10 were required by USEPA, and it was necessary to collect 
groundwater samples prior to TCRA construction.  Because no data on the chemical 
characteristics of shallow or deeper groundwater were known to exist, groundwater 
sampling was conducted to address uncertainties about the condition of groundwater 
beneath the northern impoundments.  Additional information was required by USEPA to 
describe the concentrations of COPCs, if any, in alluvial groundwater and in the deeper 
aquifer.  Also, at the request of USEPA, three samples of waste from depths of about 2 to 
4 feet below ground surface (bgs) within the original 1966 perimeter of the northern 
impoundments were collected and tested for permeability as part of the groundwater study.  
Permeability (as hydraulic conductivity) tests were conducted on these three samples using 
ASTM Standard D-5084(2010); results are presented in Section 3.5.1.2.  This information was 
intended to address processes governing the fate and transport of COPCs to groundwater, 
and to support evaluation of hydrogeological processes at the area within USEPA’s 
Preliminary Site Perimeter.  This information was required to address data gaps for 
groundwater that are identified in the RI/FS Work Plan.   
 
As in the other SAPs, the Groundwater SAP presents analytical methods, field and laboratory 
QC procedures, laboratory instrument calibration requirements, assessment and response 



 
 
  Investigation and Environmental Datasets 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 2-14 090557-01 

actions, data management procedures, and the data validation and verification procedures 
required for development of groundwater data suitable to support decision-making.  The 
Groundwater SAP was approved by USEPA on December 23, 2011.  Two Groundwater SAP 
Addenda were prepared to support additional groundwater data collection: 

• Revised Addendum 1 to the Groundwater Study Sampling and Analysis Plan (SAP) for 
Additional Groundwater Sampling South of Interstate Highway 10 (I-10), San Jacinto 
River Waste Pits Superfund Site (Anchor QEA and Integral 2012a). April 2012 – 
Groundwater data were not collected on the peninsula south of I-10 as part of the initial 
groundwater study for the RI/FS, resulting in data gaps with regard to the CSM for the 
southern impoundment.  USEPA regarded there to be uncertainty as to whether 
groundwater on the peninsula south of I-10 could serve to transport COPCs from 
subsurface soils to the aquatic environment (Miller 2011a, pers. comm.).  The 
classification of the groundwater under TCEQ guidance was also unknown.  Data on the 
concentrations of COPCs and total dissolved solids (TDS) in groundwater that could 
occur above native soils on the peninsula south of I-10 were required by USEPA to 
address these uncertainties.  USEPA approved the Groundwater SAP addendum on April 
11, 2012 (Miller 2012g, pers. comm.). 

• Addendum 2 to the Groundwater Study Sampling and Analysis Plan. Additional 
Groundwater Sampling South of Interstate Highway 10,  San Jacinto River Waste Pits 
Superfund Site (Anchor QEA and Integral 2013).  USEPA required preparation of SAP 
Addendum 2 to collect additional data on the concentrations of COPCs in groundwater 
near locations where dioxins and furans were found at elevated concentrations in 
subsurface soils on the peninsula south of I-10 to address uncertainties.  This SAP 
Addendum also addresses uncertainties about well yield and water surface elevation.  
Subsequent to the initial sampling event described in Groundwater SAP Addendum 2, 
additional data may be required to address uncertainties about the migration of dioxins 
and furans and other COPCs; Groundwater SAP Addendum 2 describes the decision-
making process for any groundwater sampling that may follow the initial sampling in the 
new wells.  Data are to be collected in 2013, and reported in an addendum to this RI 
Report.  IP received USEPA’s conditional approval of Groundwater SAP Addendum 2 on 
April 23, 2013 (Miller 2013d, pers. comm.). 
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Except for the sampling described by Addendum 2 to the Groundwater Study SAP, sampling 
described by these documents has been completed, and data validation, QA/QC, and related 
documentation have been performed according to specifications of the Groundwater SAP.  A 
Field Sampling Report (FSR) for the first groundwater sampling event was presented to 
USEPA on July 20, 2011, with the draft PSCR.  A second groundwater field sampling report 
is being submitted with this RI Report.  Data validation reports were provided in Appendix A 
to the PSCR and additional data validation reports are presented in Appendix A of this RI 
Report.  Documentation of results of implementation of Addendum 2 to the Groundwater 
Study SAP will be provided as an addendum to this report. 
 

2.1.1.6 TCRA Cap Porewater Assessment Sampling and Analysis Plan 

The TCRA Cap Porewater Assessment SAP (Integral and Anchor QEA 2012b) was prepared 
consistent with the guidance specified by the UAO for preparation of SAPs.  The TCRA 
armored cap was constructed between late 2010 and July 2011, stabilizing wastes within the 
original 1966 perimeter of the impoundments north of I-10.  The TCRA schedule was 
independent of the RI process and schedule.  Results of studies to define the baseline 
conditions to support the RI (described above) were conducted prior to or during the TCRA 
construction.  Resulting data available by May 2011 were reported in the PSCR (Integral and 
Anchor QEA 2012a), along with an update to the CSM for the area north of I-10 and aquatic 
environment.  In the context of updating the CSM, the PSCR also identified uncertainties 
and data gaps that required that new information be developed prior to preparation of this RI 
Report.  In comments on the groundwater study described in the draft PSCR (Appendix I of 
the PSCR), USEPA indicated that additional information was needed to address uncertainties 
about the potential for transport of dioxins and furans detected in perched water within the 
waste in the impoundments north of I-10 into surface water.  This study was conducted to 
address that uncertainty under current conditions by investigating vertical gradients in 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and 2,3,7,8-tetrachlorodibenzofuran (TCDF) 
concentrations in porewater of the TCRA armored cap. 
 
As in the other SAPs, the Cap Porewater Assessment SAP presents analytical methods, field 
and laboratory QC procedures, laboratory instrument calibration requirements, assessment 
and response actions, data management procedures, and the data validation and verification 
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procedures required for development of an acceptable dataset for this evaluation of vertical 
gradients in 2,3,7,8- TCDD and 2,3,7,8-TCDF concentrations in cap porewater.  USEPA 
approved this SAP on May 9, 2012 (Miller 2012k, pers. comm.).  There have been no 
addenda to this SAP, and only one data collection event. 
 
The assessment of TCRA cap porewater described by Integral and Anchor QEA (2012b) has 
been completed, and data validation, QA/QC, and related documentation have been 
performed according to specifications of the TCRA Cap Porewater Assessment SAP, with the 
exception of one deviation that occurred with USEPA’s prior approval.  Specifically, samplers 
were deployed for longer than originally planned to improve confidence in the final results 
(Keith 2012, pers. comm.).  The data validation report is presented in Appendix A of this RI 
Report. 
 

2.1.2 Site-Specific Data Collection 

Collection of new data for the RI began in April 2010 and was completed in July 2012.  The 
complete final laboratory and validation results (for the cap porewater assessment) were 
entered into the database in September 2012.  This section outlines the chronology of events, 
and provides some detail to explain the resulting structure of the final datasets.  
 
In addition to these summaries, detailed reports of each field program have been prepared 
and presented to USEPA.  FSRs for sediment (Integral and Anchor QEA 2011a), soil (Integral 
and Anchor QEA 2011e), tissue (Integral 2011b), and groundwater (Anchor QEA and 
Integral 2011c) were prepared and submitted to USEPA on July 20, 2011, concurrent with 
delivery of the draft PSCR.  Because additional fieldwork has been conducted since July 
2011, additional FSRs for sediment (Integral 2012g), tissue (Integral 2012h), soil (Integral 
2012f), and groundwater (Anchor QEA 2012c) were prepared.  An FSR for the cap porewater 
assessment has also been prepared.  All of these additional FSRs were submitted to USEPA 
with the draft of this RI Report, on December 5, 2012. 
 

2.1.2.1 Sediment 

The sediment investigation included sampling to characterize sediment chemistry within 
USEPA’s Preliminary Site Perimeter and in the upstream background area.  Sediment 



 
 
  Investigation and Environmental Datasets 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 2-17 090557-01 

chemistry samples were also collected in Cedar Bayou, but only for the purposes of 
confirming that Cedar Bayou was appropriate for background tissue sampling (Anchor QEA 
and Integral 2010b).  Cedar Bayou sediment samples are not discussed further, because they 
were not otherwise used for the RI.  The sediment investigation also included sampling to 
characterize physical conditions needed to perform the chemical fate and transport 
modeling.  Sampling programs for each of these are summarized below. 
 

2.1.2.1.1 Sediment Chemistry  

Sediment chemistry sampling to support the RI took place during four separate sampling 
events (Table 2-2).  These are described in chronological order below.  
 
The first was collection of sediments considered necessary by USEPA to support preparation 
for the TCRA (Anchor QEA and Integral 2010b).  The TCRA-related sediment sampling 
program was conducted in April 2010, in a manner consistent with the Sediment SAP, which 
was in progress at the time.  Samples were analyzed for dioxins and furans, sediment grain 
size, and TOC at 25 locations (Figure 2-1).  Data generated by this effort are considered 
appropriate for use as baseline data. 
 
The second sampling event was implementation of the Sediment SAP in May 2010.  The 
third was collection of additional samples from the upstream background area in 
October 2011 to address data gaps identified in the PSCR.  A fourth sampling event occurred 
in April 2012 to address a USEPA requirement for additional sediment chemistry data in the 
Old River, adjacent and to the west of the peninsula south of I-10. 
 
The Sediment SAP was implemented in May 2010, with sampling to address all four study 
elements, as follows:  

• Study Element 1 – Samples to describe the nature and extent of COPCs were collected 
according to the sampling design presented in the Sediment SAP, including both surface 
sediment samples and sediment cores (Figure 2-2).  Surface sediment samples 
(0 to 6 inches) were collected from 59 locations in a grid within USEPA’s Preliminary 
Site Perimeter, including triplicates at one location (SJNE022) within the 1966 perimeter 
of the impoundments north of I-10.  Ninety-nine core samples were collected from 14 
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locations within USEPA’s Preliminary Site Perimeter.  Samples were collected from 
1-foot core intervals, with core depths ranging from 3 to 10 feet.  Surface sediment 
samples were also collected from 29 locations upstream of USEPA’s Preliminary Site 
Perimeter, including 21 subtidal locations (Figure 2-3).  

• Study Element 2 – Samples to be used in the exposure assessments for human and 
ecological receptors were collected from beaches in five discrete areas within USEPA’s 
Preliminary Site Perimeter.  Sampled beaches included an intertidal area directly 
adjacent to the wastes in the impoundments north of I-10, the beach adjacent to and on 
the eastern shore of the upland sand separation area, a beach between these two areas, a 
beach to the west of the upland sand separation area, and a beach downstream of the I-10 
Bridge and on the eastern shore of the San Jacinto River (Figure 2-4).  In each beach area, 
10 stations were sampled, and half of each set of samples was archived.  Samples from the 
6- to 12-inch depth were collected where possible (problems with core penetration 
occurred in some areas, preventing collection of deeper increments; details are provided 
in the Sediment FSR), and were also archived.  Analyses to determine whether archived 
samples should be analyzed were presented in Section 5 of the COPC Tech Memo 
(Integral 2011a), summarized below. 

• Study Element 3 – Development of the CSM and fate and transport evaluation are 
addressed by data collected for Study Elements 1 and 2.  No sampling in addition to these 
was performed in May 2010.  Additional sampling to describe the physical sediment 
environment in support of the chemical fate and transport analysis was conducted in 
separate efforts, as described below. 

• Study Element 4 – Also in May 2010, samples to be used in the engineering design 
evaluation were collected within and in the vicinity of the original 1966 perimeter of the 
impoundments north of I-10.  Samples were collected at 18 locations within the 
impoundment perimeter for performance of vane shear tests (VST), and at six locations 
for measurement of other geotechnical parameters including Atterberg limits, specific 
gravity, percent moisture, sediment permeability, consolidated-undrained triaxial 
(CU Triax), compressive strength, and consolidation tests (Figure 2-5). 

 
For the sampling to support Study Elements 1 and 2, chemical analyses were conducted as 
follows: 
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• All sediment samples collected as part of the RI within USEPA’s Preliminary Site 
Perimeter and in the upstream background area were analyzed for the seventeen 2,3,7,8-
substituted dioxin and furan congeners, and all primary COPCs.  

• All sediment samples were analyzed for GSD and TOC content. 
• A subset of 26 surface sediment samples from within USEPA’s Preliminary Site Perimeter 

and from the upstream background area was also analyzed for secondary COPCs.  
Although core sediment samples were archived at the time of sampling for possible 
analysis of secondary COPCs, decisions regarding analysis of archives were made in the 
COPC Tech Memo (Integral 2011a, below), which concluded that archived samples did 
not require analysis.  

• Select VOCs were considered secondary COPCs prior to sediment sampling, but as a 
result of decisions made during the May 2010 sampling, were not brought forward as 
COPCs.  Specifically, an evaluation of unvalidated data performed during sediment 
sampling found that VOCs were undetected outside the northern impoundments and in 
all subsurface samples5 within the northern impoundments.  Within the northern 
impoundments, some surface samples contained a few VOCs at concentrations that were 
just above detection limits (DLs) and were J-qualified (estimated).  These findings were 
shared with USEPA, and USEPA’s Project Manager agreed that further analyses for VOCs 
in sediments were not necessary (Tzhone 2010a, pers. comm.).  An evaluation of 
validated data did not change the results discussed with USEPA during the sampling 
event.  Of the 648 results for VOCs reported by the laboratory, five results were 
J-qualified after validation, and one result was changed from J-qualified to U-qualified 
(nondetect). 

 
Sediment SAP Addendum 1 was implemented in October 2011 after analyses presented in 
the draft PSCR and the Data Gaps Memo (Integral and Anchor QEA 2011d, 2011c) indicated 
that background sediments did not reflect the same range of sediment grain sizes apparent in 
sediments from within USEPA’s Preliminary Site Perimeter.  Additional sediment samples 
were collected in the upstream background area, specifically targeting sediments with grain 
sizes characterized by fines (silt and clay combined) comprising 50 to 80 percent.  Twenty 

                                                 
5 Primary and secondary COPCs were analyzed in select geotechnical borings. Sediment core samples collected 
as part of the nature and extent investigation were not analyzed for secondary COPCs, as noted above. 
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samples were collected, and 10 of those samples were analyzed following approval by USEPA 
for TOC, grain size, and dioxin and furan congeners. 
 
Sediment SAP Addendum 2 was implemented in April 2012.  Samples were collected 
according to a requirement by USEPA (Miller 2011b, 2012a, pers. comm.) directing 
additional sampling immediately to the west of the peninsula south of I-10.  Four subtidal 
locations in the Old River, directly adjacent to and to the west of the peninsula south of I-10, 
towards its northern extent, were sampled at 0- to 6-inch, 6-to 12-inch, and 12- to 24-inch 
increments, as directed by USEPA (Figure 2-2).  Samples were analyzed for dioxins and 
furans, COPCs, SVOCs, and PCB congeners, as directed by USEPA. 
 
Results of sampling conducted according to Sediment SAP Addenda 1 and 2 have not been 
previously presented; they are presented in this document for the first time.  Results of 
sediment sampling conducted according to Sediment SAP Addendum 1 are incorporated into 
the evaluation of background conditions in Sections 4.2.2 and in 4.3.3.  Results of sediment 
sampling conducted according to Sediment SAP Addendum 2 are incorporated into the 
description of chemicals in sediments in Section 5.2.3 as well as the source evaluation 
presented in Section 5.4.  
 

2.1.2.1.2 Physical Sediment Environment 

Data collected to describe the physical sediment environment support Study Element 3 and 
Study Element 4.  The sediment study included development of geotechnical information to 
support assessment of the dredgability of river sediments, and to evaluate berm design and 
potential construction techniques (Figure 2-5).  Geotechnical borings were advanced from 
the upland and from a barge at 17 locations within the original 1966 perimeter of the 
impoundments north of I-10 to provide a representative characterization of the subsurface 
sediment profile.  Geotechnical data were used in conjunction with the coastal 
hydrodynamic modeling results to address potential erosional forces that may influence 
sediment and berm stability.  Four categories of subsurface information are required for 
geotechnical engineering design:  conventional geotechnical parameters, soil permeability, 
soil strength, and soil compressibility.  Conventional geotechnical sediment parameters (i.e., 
moisture content or total solids, grain size, Atterberg limits, and specific gravity) provide 
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information to evaluate the behavior of sediments that may potentially be dredged.  Strength 
data were developed to evaluate bearing capacity and slope stability to support the design of 
a confined disposal facility (CDF) and its containment berms as part of the TCRA.   
 
Vane shear and CU Triax test results from 18 locations were developed as measures of 
sediment strength.  Standard penetration test blow counts, Atterberg limits test results, and 
compressibility parameters were developed to evaluate sediment strength using standard-of-
practice geotechnical engineering reference sources.  Settlement data were collected to 
estimate the magnitude and duration of expected settlement under the footprint of any 
potential CDF and its containment berms, and for use in planning the crest elevation of the 
berms and the top elevation of the potential CDF.  Consolidation test results were used as a 
direct measure of sediment compressibility.   
 
Permeability data, directly measured by the permeability test, were gathered to be used to 
evaluate potential fate and transport mechanisms within the potential CDF.  Permeability 
can also be correlated with data reported from the triaxial shear strength test. 
 
To provide additional physical data needed for the development of hydrodynamic and 
sediment transport models, several field efforts and laboratory studies were undertaken in 
2011: 

• A bathymetric survey  
• Current velocity study, including measurements of water surface elevation, current 

velocity, and salinity  
• Characterization of riverbed properties  
• Sediment loading study  
• Measurement of erosion rates in cohesive sediment bed areas  
• Profiling of the vertical distribution of radioisotopes in subsurface sediments to 

determine net sedimentation rates (NSRs). 
 
Additional information on the data collected for these studies is provided in Section 2.2.4. 
 



 
 
  Investigation and Environmental Datasets 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 2-22 090557-01 

2.1.2.2 Tissue 

Tissue sampling was conducted according to the Tissue SAP (Integral 2010b) from 
September 30 to October 12, 2010.  Additional sampling was conducted in background areas 
in October 2011 to augment the background dataset for dioxins and furans in edible blue 
crab and catfish fillet.  Tissue sampling was conducted to address the needs of Study 
Element 2 – Exposure Assessment, and is summarized in Table 2-3.  
 

2.1.2.2.1 Selection of Target Species and Tissue Types 

Target species and tissue types were selected on the basis of several considerations.  The Gulf 
killifish (Fundulus grandis) was considered appropriate for the ecological exposure 
assessment because it has a limited home range and so could provide an indication of local or 
small-scale exposure conditions.  In addition, the Gulf killifish would likely occupy shoreline 
areas, and grows to sizes that could be eaten by a variety of piscivorous wildlife.   
 
Blue crab was considered appropriate for use in evaluation of both human and ecological 
exposures because it represented a mobile benthic invertebrate, and is commonly captured 
and eaten by people.  Only male blue crabs were included in the tissue study conducted for 
the RI; males are more likely to stay within small areas than females, which interact briefly 
with males in upper estuarine habitats and then migrate long distances to the ocean to 
spawn.  The common Rangia clam (Rangia cuneata) was selected because of its abundance in 
the area and because it is a sessile benthic invertebrate species that can be consumed by 
ecological and human receptors.   
 
At the time the Tissue SAP was prepared, no data were available to describe species 
preferences of anglers who might fish within USEPA’s Preliminary Site Perimeter.  Selection 
of hardhead catfish involved a review of existing tissue chemistry data and the life histories 
and habitats used by the hardhead catfish and other candidate fish species.  The rationale for 
selection of hardhead catfish is further detailed below in response to several comments by 
USEPA on the draft RI Report (Appendix I) and the draft BHHRA (Appendix N of the 
BHHRA [Integral 2013]).  USEPA’s comments indicated concern that the hardhead catfish 
might not be the most representative of anglers’ target species, and would introduce a 
downward bias to the risk assessment.   
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A summary of tissue chemistry data generated by the Texas Department of State Health 
Services (TDSHS) aquatic life tissue monitoring program and by the TCEQ total maximum 
daily load (TMDL) program for dioxins was discussed in the Tissue SAP.  The summary data 
are included here as Table 2-4.  Although several species have been sampled by these 
programs, not all species have been consistently sampled at all locations and during all 
sampling events.  As a result, the number of samples of any fish species collected from within 
USEPA’s Preliminary Site Perimeter is variable.  In this context, sufficient data were 
available to compare PCB concentrations and toxicity equivalent (TEQ) concentrations 
calculated for dioxin and furan congeners using toxicity equivalency factors (TEFs) for 
mammals (TEQDF,M) in edible tissues of hardhead catfish, blue catfish (Ictalurus furcatus), and 
blue crab from within USEPA’s Preliminary Site Perimeter with those from specimens 
collected elsewhere outside of USEPA’s Preliminary Site Perimeter (Table 2-4).   
 
The mean, minimum, and maximum TEQDF,M concentrations were higher in fillet of 
hardhead catfish from within USEPA’s Preliminary Site Perimeter than in blue catfish fillet 
from the same area (Table 2-4).  The mean TEQDF,M concentrations in hardhead catfish fillet 
were also higher within USEPA’s Preliminary Site Perimeter than the mean of all hardhead 
catfish samples outside of it.  Total PCB concentrations (as the sum of Aroclors) in the fillet 
tissue of both catfish species were similar (Table 2-4) within USEPA’s Preliminary Site 
Perimeter, and were similar to crab tissue, but were more variable elsewhere.  Consequently, 
hardhead catfish was selected as the target fish for the tissue sampling to support Study 
Element 2, Exposure Assessment, since hardhead catfish appeared to provide the most 
conservative estimate of TEQDF,M accumulation in edible fish tissue on the basis of the data 
available at the time.   
 
This choice was further supported by a qualitative review of data for TEQDF,M in edible tissue 
of a broader range of fish species caught by TCEQ and TDSHS that were available at the time 
the Tissue SAP was prepared.  A table of those data appears in Appendix B of the Exposure 
Assessment Memorandum (EA Memo; Integral 2012a), and includes TEQDF,M concentrations 
in edible tissues of blue catfish, blue crab, striped bass (Morone saxatilis), red drum 
(Sciaenops ocellatus), southern flounder (Paralichthys lethostigma), spotted seatrout 
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(Cynoscion nebulosus), and hardhead catfish.  The EA Memo is included as Appendix A of 
the BHHRA.  
 
Habitat and life history considerations also supported the choice of hardhead catfish as a 
conservative representation of edible fish:   

• The hardhead catfish is associated with the benthic environment.  USEPA (2009c) 
concluded that benthic fish species generally have higher tissue concentrations of dioxins 
and furans than predators in the same ecosystem; hardhead catfish are benthic feeders 
(USFWS 1982, 1983; Yanez-Arancibia and Lara-Dominguez 1988).   

 
• Habitat conditions within USEPA’s Preliminary Site Perimeter.  The hardhead catfish has 

a preference for saline or estuarine waters, and occupies habitats with salinities ranging 
from 0 to 37 parts per thousand (ppt) (Yanez-Arancibia and Lara-Dominguez 1988).  The 
blue catfish prefers freshwater, and tolerates salinity only up to about 18 ppt (Graham 
1999).  Therefore the hardhead catfish was considered more likely to be present in the 
estuarine environment within USEPA’s Preliminary Site Perimeter.  The hardhead 
catfish is also expected to occupy waters about 4 to 7  m deep, and is adapted to live in 
waters with relatively high turbidity or low oxygen levels (USFWS 1982), consistent with 
conditions characteristic of the area within USEPA’s Preliminary Site Perimeter.  

 
• Potential for a longer duration of exposure within USEPA’s Preliminary Site Perimeter.  

Although their migratory patterns are not well-described, hardhead catfish appear to 
select habitat on the basis of temperature and salinity, and to remain in place for weeks to 
months during the time that conditions are favorable (Yanez-Arancibia and Lara-
Dominguez 1988; USFWS 1983).  The possible site fidelity of the hardhead catfish, 
although based on limited information, was considered another advantage in use of this 
fish to represent edible tissue concentrations within USEPA’s Preliminary Site Perimeter.   

 
In summary, hardhead catfish were selected to represent edible fish tissue concentrations for 
the RI and the BHHRA because they provide a conservative representation of TEQDF,M 
concentrations in edible tissue (Table 2-4), are likely to be abundant within USEPA’s 
Preliminary Site Perimeter, are benthic feeders that are directly exposed to sediments, are 
reported to be caught and eaten used by some anglers (USFWS 1982).  Finally, hardhead 
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catfish are among those species considered useful in tissue chemistry monitoring by TDSHS 
(2007). 
 

2.1.2.2.2 Tissue Sampling Design 

In 2010, samples of large fish (hardhead catfish), small fish (Gulf killifish), clams (common 
Rangia), and blue crabs were collected within four separate fish collection areas (FCAs) in 
the estuarine portion of the lower San Jacinto River, both within USEPA’s Preliminary Site 
Perimeter and in upstream background areas (for common Rangia clams and Gulf killifish), 
and from one background location in Cedar Bayou (hardhead catfish and blue crabs).  Tissue 
collection areas included the following and are shown in Figures 2-6, 2-7, and 2-8: 

• Within USEPA’s Preliminary Site Perimeter (Figure 2-6) 
− Three FCAs 
− Four transects in nearshore areas for collection of small fish and clams  
− One location south of the I-10 Bridge, with two transects: one for collection of 

clams and an adjacent one for collection of Gulf killifish 

• Background  
− Two transects in nearshore areas for collection of Gulf killifish and clams 

upstream of USEPA’s Preliminary Site Perimeter (Figure 2-7) 
− One background sampling area in Cedar Bayou for large fish and crabs 

(Figure 2-8), as described in the Sediment SAP Addendum (Anchor QEA and 
Integral 2010c). 

 
Samples of all tissue types consisted of composites of various numbers of organisms.  
Numbers of individuals in each composite were determined on the basis of the designs used 
in other studies in the region (for catfish and crab), as well as consideration of requirements 
for an appropriate mass of tissue required for chemical analysis.  Catfish fillet samples were 
collected for use in the BHHRA.  Whole fish samples were required for the BERA for the 
area north of I-10 and aquatic environment; after removal of muscle tissue, remainders were 
also analyzed; results were then combined mathematically to calculate concentrations in 
whole fish (methods are described in both the Tissue SAP and the Tissue FSR).  Similarly, 
edible tissue from blue crabs (males only) was collected, remainders were analyzed, and 
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results were used to calculate whole-body concentrations.  The tissue sampling design 
described by the Tissue SAP and executed in the field is summarized in Table 2-3. 
 
Following preparation of the PSCR, the Data Gaps Memo (Integral and Anchor QEA 2011c) 
was presented to USEPA, and indicated that the results of background tissue sampling 
conducted for the RI were not representative of the background condition in the region, and 
that additional sampling was required to better reflect the actual urban background 
condition.  Tissue SAP Addendum 1 (Integral and Anchor QEA 2011f) was prepared to 
address that data gap, and was implemented in October 2011.  An additional 10 composite 
samples of catfish fillet and 10 composite samples of edible blue crab were collected from an 
area of Upper Galveston Bay downstream of the Fred Hartman Bridge (Figure 2-9).  These 
samples were analyzed only for dioxins and furans, percent lipids, and moisture content. 
 
Results of sampling conducted according to Tissue SAP Addendum 1 have not been 
previously presented; they are presented in this document for the first time in the discussion 
of background conditions in Sections 4.2.3, 4.3.4, and 4.5.3.  They are also incorporated into 
the analyses of baseline human health risks (Integral 2013) in Section 5.5.1, but not in the 
ecological risk assessment because the only tissues addressed by Tissue SAP Addendum 1 are 
those commonly eaten by people (e.g., fish fillet). 
 

2.1.2.3 Soil 

For a variety of reasons, the soil investigations conducted within USEPA’s Preliminary Site 
Perimeter and for the background study were conducted during seven individual sampling 
events (Table 2-5).  The first six of these sampling events were conducted between 
August 2010 and March 2011, and the seventh was conducted in May 2012.  In addition, 
residential soils were collected at the request of USEPA, but these data are not discussed 
further in this document; a summary of the collection of residential soils and analysis for 
dioxins and furans (as the TEQ concentration calculated for dioxin and furan congeners using 
mammalian toxicity equivalent factors [TEQDF,M]) is presented in Appendix E.  The 
residential soils are not considered part of the RI dataset because they were not collected 
from within USEPA’s Preliminary Site Perimeter and they were not collected for the 
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purposes of describing background conditions.  Soil sampling events were performed as 
follows: 

• Sampling Event 1, TxDOT ROW Sampling – Collection of soil from 0 to 12 inches 
depth (surface/shallow subsurface) at 12 locations, and soil cores (one interval, from 
48 to 60 inches) for chemical analyses at two of these same locations in the TxDOT 
ROW from August 11 through 12, 2010. 

• Sampling Event 2, Soil Sampling North of I-10 – Collection of surface and shallow 
subsurface soil at 6 locations for chemical analyses in the western cell of the northern 
impoundments from October 26 through 29, 2010. 

• Sampling Event 3, Proposed Laydown Area Sampling – Collection of surface and 
shallow subsurface soil for chemical analyses from 13 locations within the area 
previously proposed for equipment staging and laydown in the upland sand separation 
area on November 15 and 16, 2010.  At three locations, subsurface samples were 
collected and analyzed for a broader list of chemicals. 

• Sampling Event 4, Northern Impoundments Monitoring Well Soil Sampling – 
Collection of surface and shallow subsurface soil, and soil cores at three locations for 
chemical and lithological analyses from the groundwater monitoring well borings in 
the berms surrounding the northern impoundments from December 28, 2010, 
through January 9, 2011.  Surface and shallow subsurface soils from all three locations 
were analyzed for COPCs.  Deep soil samples were archived but not analyzed because 
such soil chemistry data were not needed to interpret the groundwater chemistry. 

• Sampling Event 5, Upland Sand Separation Area and Background Area Sampling – 
Collection of surface, shallow subsurface, and deep subsurface soil for chemical 
analyses at 18 locations within USEPA’s Preliminary Site Perimeter in Soil 
Investigation Areas 1 through 3, and at surface and shallow subsurface intervals at a 
total of 20 locations from two background areas near USEPA’s Preliminary Site 
Perimeter from February 10 through 14, 2011. 

• Sampling Event 6, Sampling in Soil Investigation Area 4, Phase I – Collection of 
surface, shallow subsurface, and deep subsurface soil, and soil cores at 13 locations for 
chemical analyses from Soil Investigation Area 4 from March 10 through 14, 2011.  
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• Sampling Event 7, Sampling in Soil Investigation Area 4, Phase II – Collection of 
surface, shallow subsurface, and deep subsurface soil, and soil cores at an additional 16 
locations for chemical analyses from locations, 11 of which are within Soil 
Investigation Area 4 and five of which are outside of Soil Investigation Area 4.  
Sampling was conducted from May 1 through 7, 2012.  

 
The sampling took place during several discrete periods because certain information was 
required by USEPA prior to implementation of the TCRA (Sampling Events 1 and 3); 
sampling within the northern impoundments had to be conducted prior to implementation 
of the TCRA (Sampling Events 2 and 4); and sampling following approval of the Soil SAP 
(Sampling Event 5) preceded approval of the Soil SAP addenda (Sampling Events 6 and 7).  
All soil samples were collected in accordance with the Soil SAP, and therefore, the sequence 
or schedule of events does not affect interpretation or uses of results.  Locations of samples 
collected during Sampling Events 1 through 5 are shown in Figure 2-10.  Locations of 
samples collected in Soil Investigation Area 4 are shown in Figure 2-11.   
 
Certain specifications for each sampling event differed, such as the soil depth increments 
sampled and the lists of analytes.  Table 2-5 summarizes the various events; additional details 
are presented in the Soil FSRs.  In addition, prior to approval of the Soil SAP, TCEQ 
requested that additional samples be collected from within the 1966 perimeter of the 
impoundments north of I-10 (Sampling Event 2).  As a result, the database includes samples 
from locations within the western cell of the northern impoundments called “soil” directly 
adjacent to samples considered to be “sediment.”  
 
All of the data for sampling events 1 through 6 were presented in the PSCR (Integral and 
Anchor QEA 2012a).  Soils data collected in May 2012 are presented for the first time in this 
document.  
 

2.1.2.4 Groundwater 

Groundwater sampling has been conducted in the area of the impoundments north of I-10, 
with samples collected in late December 2010 and early January 2011; and in the area of 
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investigation on the peninsula south of I-10, with samples collected in May 2012.  These 
events are described below, and summarized in Table 2-6.   
 

2.1.2.4.1 Groundwater Sampling North of I-10 

In comments on the RI/FS Work Plan, USEPA (Tzhone 2010c, pers. comm.) required that 
Respondents include groundwater sampling in the RI.  In particular, USEPA required 
samples from directly beneath the impoundments north of I-10, and from both the shallow 
groundwater and the deep aquifer.  The draft Groundwater SAP proposed installation of 
three well pairs in positions surrounding the northern impoundments.  In comments on the 
draft Groundwater SAP (see Appendix C of the Groundwater SAP), USEPA also required 
collection of a water sample from directly within the waste material in the western cell.  
Groundwater wells that were installed were temporary because TCRA construction had been 
initiated and wells could not remain in place.  Sampling of these wells was conducted in late 
December 2010 and early January 2011. 
 
Seven monitoring wells were installed (Figure 2-12): three well pairs (SJMWS01/D01, 
SJMWS02/D02, and SJMWS03/D03) located on the berms of the northern impoundments, 
and one singular well point (SJMWS04) within the wastes in the western cell of the northern 
impoundments.  Wells were installed to monitor shallow groundwater in the alluvial 
sediments along the berms of the northern impoundments with paired deep wells screened 
just below the Beaumont Clay to monitor deeper groundwater.  Well point SJMWS04 was 
installed to sample porewater within waste materials of the western impoundment by 
manually pushing a pre-screened push point sampler into the waste. 
 
Each monitoring well was developed prior to sampling.  SJMWS04 was not purged and was 
only pumped with a peristaltic pump due to the small inside dimension of the well.  This 
well also went dry repeatedly during both development and sampling activities.  
 
Water quality parameters (pH, turbidity, temperature, and specific conductance) were 
recorded at regular intervals during development of each of the wells to determine when 
development was complete.  In all cases, development was conducted until turbidity levels 
were as low as reasonably feasible and continued development did not result in significant 
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reduction in turbidity.  Each monitoring well was sampled immediately following 
development or upon recharge of sufficient volume to sample.  Further details are provided 
in the Groundwater FSR (Anchor QEA and Integral 2011c). 
 
Finally, as part of the groundwater study and at the request of USEPA, three samples of 
wastes from within the 1966 perimeter of the impoundments north of I-10 were collected 
and tested for hydraulic conductivity using ASTM Standard D-5084 (2010).  Those results are 
presented on page 6-9 of the PSCR (in Section 6.1.1.3.2 of that document), and are discussed 
in Section 5.2.2.5 below. 
 

2.1.2.4.2 Groundwater Sampling South of I-10 

In comments on the draft PSCR, USEPA (Miller 2011b, pers. comm.) expressed concerns 
about the absence of information on groundwater from the area of investigation on the 
peninsula south of I-10, and specifically, that a chemical transfer pathway from soil to 
surface water had not been adequately investigated.  In a letter dated December 8, 2011, 
USEPA (Miller 2011a, pers. comm.) required groundwater sampling in this area.  In later 
comments (dated March 1, 2012) on the draft Groundwater Addendum 1 (Miller 2012j, pers. 
comm.), which described a proposed sampling approach, USEPA also required that a broad 
spectrum of VOCs and SVOCs be analyzed in groundwater, greatly expanding the list of 
analytes previously considered relevant to the RI.   
 
To address USEPA’s requirements, three monitoring wells were installed (Figure 2-13; 
SJMW001, SJMW002, and SJMW003) in the area of investigation south of I-10, within Soil 
Investigation Area 4.  The wells were installed to monitor shallow groundwater above native 
alluvial sediments.  Sampling was conducted in May 2012.  Each monitoring well was 
developed prior to sampling.  Water quality parameters (pH, turbidity, temperature, and 
specific conductance) were recorded at regular intervals during development of each of the 
wells to determine when development was complete.  In all cases, development was 
conducted until turbidity levels were as low as reasonably feasible and continued 
development did not result in significant reduction in turbidity.  Each monitoring well was 
sampled immediately following development or upon recharge of sufficient volume to 
sample.   
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Data generated by sampling groundwater in the area of investigation south of I-10 have not 
been presented previously, and are discussed for the first time in this RI Report.  Results of 
2012 groundwater sampling south of I-10 are discussed in Sections 3.5.2 and 6.2.2. 
 

2.1.2.5 Cap Porewater Quality Assessment Using SPMEs 

Sampling and analyses of the TCRA armored cap was performed to evaluate the effectiveness 
of the cap in containing COPCs and controlling any releases from the northern 
impoundments to the environment.  The study employed solid-phase microextraction 
(SPME) porewater samplers as developed by Dr. Danny Reible at the University of Texas 
(e.g., Lu et al. 2011) and others (Mayer et al. 2000) to assess the chemistry of porewater 
within the TCRA armored cap.  The result of the measurement allows an approximation of 
the porewater concentration of the target chemical at the location of the sampler.  Details 
describing the analytical approach and DQOs are described in the TCRA Cap Porewater 
Assessment SAP (Integral and Anchor QEA 2012b).  SPMEs were deployed throughout the 
TCRA armored cap (Figure 2-14). 
 
Data generated in the TCRA armored cap porewater study have not been presented 
previously, and are discussed for the first time in this RI Report.  Results are presented in 
Section 5.3. 
 

2.1.3 Information Syntheses 

The UAO requires preparation of several reports prior to submittal of the RI Report, 
including each of the documents summarized in this section.  Preparation of these 
documents and their review, revision, and approval by USEPA has contributed to the final 
technical approach to the risk assessments and the fate and transport evaluation, as well as 
for data analyses presented later in this document.  The BHHRA is being submitted 
concurrently with this RI Report.  The other documents summarized below have been 
approved by USEPA and form the foundation of statements and analyses presented herein.   
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2.1.3.1 Technical Memorandum on Bioaccumulation Modeling 

The Technical Memorandum on Bioaccumulation Modeling (Bioaccumulation Tech Memo, 
Integral 2010a) was prepared to provide background information to support the study design 
for collection and chemical analyses of tissue for the RI, and is a companion document to the 
Tissue SAP (Integral 2010b).  Information on the quantitative relationships between COPC 
concentrations in sediment and biological tissues can be used to inform the chemical fate and 
transport analysis.  The Bioaccumulation Tech Memo describes the methods used to identify 
quantitative relationships between COPC concentrations in sediment and tissue, and 
provides the technical rationale to support selection of specific methods for the proposed 
analyses.   
 
The Bioaccumulation Tech Memo provides an evaluation of methods available for modeling 
tissue, analysis of data for the Houston Ship Channel (HSC) area that were available prior to 
conducting the tissue sampling for the RI, and a summary of important literature relating to 
bioaccumulation of dioxins and furans in the tissues of interest to the RI (whole fish, whole 
benthic macroinvertebrates [molluscs], fish muscle tissue, bird eggs, and edible fish and crab 
tissue).  The following are addressed:  

• A review of available methods to relate chemical concentrations in tissue to 
concentrations in sediment 

• Analysis of existing data on dioxins and furans in tissue for the area within USEPA’s 
Preliminary Site Perimeter and vicinity 

• A literature review on known biological and physical controls on bioaccumulation of 
dioxins and furans 

• Conclusions and the selected method for predicting dioxins and furans in tissue. 
 
Two appendices to the memorandum provide important detail supporting the analyses.  A 
third appendix documents USEPA comments on the draft Bioaccumulation Tech Memo and 
responses.   
 
The Bioaccumulation Tech Memo does not provide a comprehensive data evaluation or 
comprehensive review of the literature on dioxin and furan bioaccumulation, and it does not 
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address other COPCs in detail.  The Bioaccumulation Tech Memo was approved by USEPA 
on September 24, 2010 (Tzhone 2010d, pers. comm.). 
 

2.1.3.2 Chemicals of Potential Concern Memorandum 

COPCs are those chemicals evaluated by the BHHRA and BERA, and from which COCs are 
identified.  COCs are those chemicals for which PRGs are required.  The UAO requires that a 
“Potential Chemicals of Concern Memorandum” be prepared as part of the RI/FS, and that 
this memorandum be submitted after USEPA approval of the PSCR.  A basic assumption of 
the RI is that an important source of COPCs is paper mill waste contained in the 
impoundments.  These wastes were identified as a source of COPCs in the Screening Site 
Assessment Report (TCEQ and USEPA 2006) and by an evaluation of chemical constituents 
likely to occur in paper mill wastes that were generated in the 1960s (Integral and Anchor 
QEA 2010a).  From this information, COPCs were identified in the Sediment SAP (as 
described in Section 2.1.1.1), and dioxins and furans were selected as the indicator chemical 
group for this RI.  The “Potential Chemicals of Concern Memorandum” was therefore not 
included in the project schedule in Chapter 8 of the approved RI/FS Work Plan.  Because 
information on COPCs for the impoundments north of I-10 was provided, discussed, and 
approved in the Sediment SAP, the COPC Tech Memo (Integral 2011a) was submitted prior 
to the PSCR.  The COPC Tech Memo fulfills the requirement of the UAO to address COPCs 
associated with the paper mill wastes in the northern impoundments, and supplements the 
RI/FS Work Plan.  USEPA approved the COPC Tech Memo on May 5, 2011, and USEPA’s 
additional requirement for evaluation of chemical concentrations in soil in the area of 
investigation on the peninsula south of I-10 has resulted in the identification of other 
COPCs.  A complete description of the COPC identification process for this area of 
investigation is provided in Appendix D of this document and in the BHHRA (Integral 2013).  
 
Initial evaluation of the data collected for the Screening Site Assessment Report (TCEQ and 
USEPA 2006) to identify COIs resulted in the identification of “primary” and “secondary” 
COPCs.  The COPC Tech Memo documents the process and rationale used to select COPCs 
from these lists using data generated by the sediment study, identifies the final COPCs for 
the area north of I-10 and aquatic environment (eliminating the “primary” and “secondary” 
designations), and addresses the questions that were outstanding at the time regarding 
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whether laboratory analysis of primary and secondary COPCs in archived environmental 
samples would be required.  
 
Results of analyses presented in the COPC Tech Memo determine the requirements for 
chemical analyses of groundwater samples and in archived samples of sediment, tissue, and 
soil from the area within USEPA’s Preliminary Site Perimeter.  In addition, DQOs for Study 
Element 2 in the Sediment SAP (in Section 1.10.2.2 of the SAP) describe archiving some of 
the nearshore sediment samples collected for analysis of potential exposure to humans, and 
state that any analysis of these samples was to be contingent upon analytical results at 
adjacent locations.  The COPC Tech Memo also presents the evaluation supporting those 
decisions, and addresses whether primary or secondary COPCs were to be analyzed in these 
archived nearshore sediment samples. 
 
Finally, a supporting analysis is addressed by the COPC Tech Memo (Integral 2011a).  The 
DQOs for Study Element 1 – Nature and Extent Evaluation of the Sediment SAP 
(Section 1.10.1.2) include an analysis of temporal changes in concentrations of dioxins and 
furans in sediment between 2005 and 2010.  This evaluation was required by USEPA to 
address uncertainties concerning the effect of Hurricane Ike in September 2008, on 
sediments within USEPA’s Preliminary Site Perimeter.  Results of this analysis were used to 
begin the process of defining the baseline dataset to be used for risk assessments and in other 
aspects of the RI.  
 

2.1.3.3 Preliminary Site Characterization Report 

The PSCR (Integral and Anchor QEA 2012a) presents information on the investigations that 
had been performed since the UAO was issued.  It describes the location and characteristics 
of both surface and subsurface features as well as the distribution of COPCs and other 
chemicals within USEPA’s Preliminary Site Perimeter.  The location, dimensions, physical 
conditions, and concentrations of chemicals in the source materials, which in the northern 
impoundments are primarily paper mill wastes and on the peninsula south of I-10 include 
paper mill wastes and other types of wastes, are described in the PSCR.  Initial findings with 
respect to the extent of chemical migration through affected media are also described in the 
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PSCR.  The PSCR was prepared prior to the Phase II investigation for Soil Investigation 
Area 4 and adjacent areas, and therefore does not reflect the results of that effort.  
 
The overall objectives of the PSCR were to update the information on the environmental 
setting and characteristics of the area within USEPA’s Preliminary Site Perimeter using 
information developed during the RI as of the submittal date of the PSCR, in July 2011, and 
to provide a complete preliminary reference of information to be considered in the 
development and screening of remedial alternatives (USEPA 2009a).  The PSCR informs both 
the preliminary screening of remedial alternatives and the refinement of applicable or 
relevant and appropriate requirements (ARARs) to support development of a Remedial 
Alternatives Memorandum (RA Memo; Anchor QEA 2012a), consistent with USEPA 
guidance for PSCRs (USEPA 1988).  In addition to presenting the information required by 
the UAO, the PSCR presents initial data analyses to address some of the DQOs described in 
SAPs, updates the impoundment histories and CSMs for the area north of I-10 and the 
southern impoundment from those presented in the RI/FS Work Plan and Soil SAP 
Addendum 1, respectively, and provides an evaluation of data gaps.  As prescribed by the 
UAO, it also provides a reference for developing the baseline risk assessments.  The specific 
objectives of the PSCR include: 

• Provide a summary of potential remedial technologies and ARARs 
• Update information on the surrounding land uses  
• Provide a comprehensive resource of information for the area within USEPA’s 

Preliminary Site Perimeter developed to date for use in the RI/FS 
• Provide a preliminary assessment of the physical setting and of the extent of dioxins and 

furans in environmental media using information developed in 2010 and 2011 
• Present those data analyses specified by DQOs described in approved SAPs that support 

the overall objectives of the PSCR 
• Update the CSMs by synthesizing new information 
• Identify remaining data gaps. 
 
The PSCR was reviewed by USEPA, and approved (conditioned on responses to comments) 
by USEPA on December 8, 2011.  Responses to address USEPA’s comments were submitted 
and USEPA approved responses to comments on January 5, 2012 (Miller 2012a, pers. comm.). 
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2.1.3.4 Remedial Alternatives Memorandum  

The RA Memo; Anchor (QEA 2012a) develops and screens a range of preliminary remedial 
alternatives in relation to RAOs.  Results of the evaluation will be carried forward for further 
consideration in the FS.  Consistent with the sequencing of deliverables established by the 
UAO, preparation and submittal of the draft RA Memo occurred after USEPA approved the 
PSCR, but before the risk assessments were performed, and therefore the evaluation of 
alternatives presented in the draft RA Memo did not have the benefit of the risk assessment 
results.  Ultimately, results of the baseline risk assessments will play an important role in 
determining the final range of remedial alternatives in the FS.  The objectives of the RA 
Memo are: 

• Identify and screen remedial alternatives and related technologies that may be applicable  
• Develop preliminary RAOs 
• Identify and screen potential disposal alternatives for waste material in the 

impoundments north of I-10 in order to eliminate disposal process options that are not 
practical to implement 

• Identify and screen remedial technologies (such as monitored natural recovery, sediment 
containment, or sediment treatment) to eliminate candidate remedial technologies that 
cannot be implemented or that may be limited in their applicability due to technical or 
other constraints 

• Following the screening to narrow the range of remedial technologies, assemble the 
retained technologies into potential remedial alternatives to be considered for detailed 
analysis in the FS. 

 
The preliminary RAOs, which were presented for the first time in the draft RA Memo, are 
narrative statements that are medium- or area-specific goals for protecting human health and 
the environment (USEPA 1988).  Based on the information available at the time the draft RA 
Memo was submitted, the RAOs address the primary exposure pathways, potential receptors, 
and risk drivers.  The RAOs also describe in general terms what the remediation will 
accomplish, assist in focusing the development of remedial alternatives, and form the basis 
for establishing PRGs.  RAOs have been updated for this document and are presented in 
Section 7. 
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The purpose of screening remedial technologies, screening disposal options, and developing 
preliminary RAOs is to efficiently eliminate those remedial technologies, disposal options, 
and alternatives that are not practicable so the FS can focus on viable remedial alternatives.  
This approach is consistent with USEPA RI/FS guidance (USEPA 1988) and contaminated 
sediment remediation guidance (USEPA 2005a).  Conditions within USEPA’s Preliminary 
Site Perimeter and existing and future uses of the San Jacinto River might limit the remedial 
alternatives that are feasible.  Therefore, the preliminary evaluation presented in the RA 
Memo factors conditions unique to the area within USEPA’s Preliminary Site Perimeter into 
the evaluation of potential remedial alternatives and disposal sites.  
 
A detailed evaluation of the retained technologies will occur as part of the FS.  The FS will 
refine potential remedial alternatives as necessary, analyze the alternatives against CERCLA 
evaluation criteria, and compare the alternatives against one another.  The draft RA Memo 
was submitted to USEPA on January 22, 2012; USEPA provided comments on the draft in a 
letter dated August 10, 2012, and a revised draft was submitted on September 11, 2012.  
Conditioned on specific modifications to the revised draft, USEPA approved the RA Memo 
on November 14, 2012 (Miller 2012h, pers. comm.) 
 

2.1.3.5 Chemical Fate and Transport Modeling Study  

The primary goal of the Chemical Fate and Transport Modeling Study (Anchor QEA 2012b) 
is to simulate physical and chemical processes that are controlling chemical fate and 
transport of selected dioxins and furans within the aquatic environment of the area within 
USEPA’s Preliminary Site Perimeter.  Besides the utility of the modeling presented in the 
report for RI purposes, there is an associated goal of developing a predictive tool that can be 
used to evaluate the efficacy of various remedial alternatives under a variety of flow regimes 
and time frames to support the FS.  The primary objectives of the chemical fate and transport 
analysis are threefold: 

• Develop CSMs for sediment transport and chemical fate and transport 
• Develop and apply quantitative methods (i.e., computer models) that can be used as a 

management tool to evaluate the effectiveness of various remedial alternatives 
• Address specific questions about sediment transport and chemical fate and transport 

processes. 
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For the purposes of chemical fate and transport modeling, the Study Area is defined as the 
San Jacinto River from the Lake Houston Dam to the HSC.  This larger Study Area for the 
modeling study was required so that appropriate boundary conditions are utilized in the 
numerical models, and it was needed to produce reliable predictions within USEPA’s 
Preliminary Site Perimeter.  The fate and transport modeling is based on three linked models 
that simulate hydrodynamics, sediment transport, and chemical fate and transport.  The 
hydrodynamic model is used to establish the basis of estuarine transport processes presented 
in the physical CSM, and to support the sediment transport and chemical fate and transport 
models.  The hydrodynamic model provides insight into specific hydrodynamic processes in 
the Study Area by predicting temporal and spatial variations in water depths and current 
velocities.  The sediment transport model is used to address questions related to sediment 
movement over long-term, multi-year periods, and to answer questions related to episodic 
high-flow events in the San Jacinto River and storms (e.g., hurricanes) by predicting spatial 
variations in deposition and erosion.  The chemical fate and transport model is used to 
predict several conditions:  

• The fate of particle-associated chemicals that may be or have been mobilized from the 
impoundments north of I-10 

• The rate of natural attenuation of chemical concentrations in surface sediments within 
the Study Area 

• The potential for erosion, transport, and re-deposition of particle-associated chemicals 
buried below the surface layer of the bed during high-flow events or storms throughout 
the Study Area.   

 
The model also accounts for the effects of chemicals in the surface layer of the sediment bed 
on concentrations and fluxes of both dissolved and particulate phase chemicals in the water 
column. 
 
These three models provide a quantitative, objective framework that integrates the large 
body of Study Area data, including several datasets specifically collected to support the 
modeling study (which are summarized in appendices to the modeling study report).  The 
models were calibrated to several types of data covering varying spatial and temporal scales, 
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and were shown to provide a realistic representation of hydrodynamics, sediment transport, 
and chemical fate and transport within the Study Area.   
 
The successful development, calibration, and testing of these models therefore produced a 
quantitative framework that can be used as a management tool to guide remedial decision-
making during the FS.   
 
This Chemical Fate and Transport Modeling Study was submitted for USEPA review in 
February 2012, and USEPA comments were addressed in a draft final submitted on 
July 18, 2012.  USEPA approved the report with certain modifications and conditions in a 
letter sent to Respondents on September 12, 2012 (Miller 2012d, pers. comm.).  The 
document was modified accordingly, and the final was submitted to USEPA on 
October 11, 2012.  Summary information on the findings of the chemical fate and transport 
analysis is presented later in this RI Report (see Section 5.6). 
 

2.1.3.6 Baseline Ecological Risk Assessment 

Ecological risk assessment addresses the likelihood that adverse effects on the environment, 
and to specific ecological receptors, may occur or are occurring as a result of exposure to one 
or more stressors (USEPA 1997).  In the RI/FS process, results of the baseline risk assessments 
help risk managers determine whether remedial action is needed, and serve as the basis for 
the evaluation of the effectiveness of any remedial action that is implemented.  The BERA 
submitted to USEPA in August 2012 and revised in May 2013 (Integral 2012c) addresses the 
nature and magnitude of risks to ecological receptors that could result from any releases of 
chemical of potential ecological concern (COPCEs) from the impoundments north of I-10.  As 
such, it provides a point of reference for evaluation of the no-action alternative in the FS, 
and for quantification of risk reduction that can be achieved by each remedial alternative 
considered. 
 
A screening level ecological risk assessment (SLERA) for the area north of I-10 and aquatic 
environment was presented as Appendix B to the RI/FS Work Plan (Anchor QEA and 
Integral 2010a).  The SLERA for the area north of I-10 and aquatic environment did not 
address the area of investigation south of I-10 because it was prepared prior to when USEPA 
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required that the area south of I-10 undergo investigation.  In March 2011, soil samples were 
collected from the area south of I-10 and analyzed for COIs.  The resulting data were used to 
perform a SLERA for the southern impoundment area that was consistent with the CSM 
presented in the PSCR.  The SLERA for the area of investigation south of I-10 provides the 
screening-level problem formulation and the selection of receptors and assessment endpoints 
for the area of investigation south of I-10.  It was submitted as Appendix E to the BERA for 
the area north of I-10 and aquatic environment.  The SLERA for the area of investigation 
south of I-10 includes analysis of the soil data collected in 2011 and identification of COPCEs.  
Additional data, including data on the chemistry of soils, were collected in Soil Investigation 
Area 4 and adjacent areas in May 2012, supporting development of the BERA for the area of 
investigation south of I-10.  Following preparation of the draft final BERA for the area north 
of I-10 and aquatic environment (Integral 2012c), and the additional soil investigation south 
of I-10, a BERA for the area of investigation south of I-10 was prepared; it is included as 
Appendix D to this RI Report.  The draft final BERA was approved (with modifications) on 
February 7, 2013 (Miller 2013e, pers. comm.). 
 

2.1.3.7 Baseline Human Health Risk Assessment 

CERCLA guidance requires that remedies be protective of human health and the 
environment (USEPA 1988).  The human health risk assessment evaluates the potential for 
adverse health effects to hypothetical receptors that could have used the area within 
USEPA’s Preliminary Site Perimeter under baseline conditions.  Results help risk managers 
determine whether remedial action is needed, and serve as the basis for the evaluation of the 
effectiveness of any subsequent remedial action.  Risk models in the BHHRA are based on 
hypothetical exposure scenarios under baseline conditions, and are not intended to and 
cannot be utilized to determine whether any actual exposures are occurring or may have 
occurred. Because they are based on hypothetical exposure constructs, they also cannot be 
used to identify any actual adverse health effects from any exposures. 
 
The purpose of the BHRRA (Integral 2013) is to describe the nature and magnitude of risks 
to hypothetical human receptors, consistent with USEPA requirements for risk assessments, 
that could result from chemicals of potential concern for human health (COPCHs) for the 
area north of I-10 and aquatic environment and for the area of investigation south of I-10.  
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Consistent with the requirements in the UAO, a Toxicological and Epidemiological Studies 
Memorandum (TES Memo; Integral 2012b) and EA Memo (Integral 2012a) were submitted 
to USEPA and approved prior to submittal of the draft BHHRA.  These memoranda outline 
the specific human use scenarios, exposure assumptions, and toxicity criteria used in 
preparation of the BHHRA.  In response to USEPA comments on drafts, these memoranda 
were revised and submitted on May 22, 2012.  The TES Memo was approved by USEPA on 
October 4, 2012 (Miller 2012f, pers. comm.).  The EA Memo was also approved by USEPA on 
October 4, 2012 (Miller 2012e, pers. comm.).  The final memoranda are included as 
methodological appendices in the BHRRA (Appendices A and B).   
 
At the time the TES Memo was submitted, additional characterization of the soils in the area 
of investigation on the peninsula south of I-10 had not been completed, and a final list of 
COPCHs for these soils was not included.  Sampling for the second of two soil investigations 
of this area was completed in May 2012.  In August 2012, all results of the soil investigations 
for the peninsula south of I-10 were screened to determine a final list of COPCHs for that 
area (Table 1-2).  The methods and results of this screening are included as Appendix C to 
the BHHRA.  
 
The BHHRA addresses both the area north of I-10 and aquatic environment, and the area of 
investigation south of I-10.  Results of the BHHRA are summarized in Sections 5.5.1 and 
6.4.1 of this document. 
 

2.2 Summary of Physical Datasets  

Many investigative activities conducted as part of the RI were designed to develop a greater 
understanding of the physical characteristics of the area within USEPA’s Preliminary Site 
Perimeter.  Examples of physical datasets collected include topographic data, bathymetry, 
hydrologic information on river flows and stages, and sediment loading information.  
Examples of sample-specific physical datasets include sediment GSD, organic carbon content, 
and geotechnical parameters.   
 
In 2009, 2010, and 2011, several field data collection efforts and laboratory studies were 
completed in support of the RI and TCRA to develop information on the physical 
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environment of the aquatic portion of the Site.  These investigations and the physical 
environment datasets they generated are summarized in Table 2-7 and are briefly described 
below.  More complete documentation of field efforts undertaken as part of the RI and TCRA 
to collect physical data for the aquatic environment, along with detailed descriptions of the 
resulting datasets, is provided in the Sediment SAP (Integral and Anchor QEA 2010a), 
Sediment FSR (Integral and Anchor QEA 2011a), and the Draft Final Chemical Fate and 
Transport Modeling Study (Anchor QEA 2012b).  These datasets are described below. 
 

2.2.1 Sediment Geotechnical Parameters 

During the 2010 field sampling program for the RI, measurements of sediment geotechnical 
parameters (Atterberg limits, specific gravity, percent moisture, sediment permeability, 
compressive strength, and consolidation) on intact sediment core samples and VSTs were 
performed on surface and subsurface sediment samples collected from stations in and around 
the 1966 perimeter of the impoundments north of I-10.  These data collection efforts are 
documented in the Sediment SAP (Integral and Anchor QEA 2010a) and Sediment FSR 
(Integral and Anchor QEA 2011a).  Locations at which geotechnical parameters were 
collected are shown in Figure 2-5.  
 
Field geotechnical explorations north of I-10 consisted of 11 borings conducted from a barge 
over the water and six upland borings (Figure 2-5).  In addition to the geotechnical 
explorations, the shear strength of surface sediments was measured using the VST at 
18 in-water locations.  Figure 2-5 presents the locations of the borings and VST; detailed field 
methods are provided in the Sediment FSR (Integral and Anchor QEA 2011a).   
 
Other physical data generated from the 2010 RI sediment sampling effort include 
measurements of general matrix properties (grain size, TOC, and percent moisture) for 
surface sediment grab samples and subsurface sediment core samples from nature and extent 
sediment sampling locations (Figure 2-2), and for sediment samples from intertidal/beach 
areas (Figure 2-4).   
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2.2.2 Topographic Information 

To facilitate characterization of the upland area, results of a light detection and ranging 
(LiDAR) survey of the Houston area performed in February and March 2008 were purchased 
from the Houston-Galveston Area Council (HGAC) (HGAC 2008).  This is the most recent 
LiDAR survey available and provides 5-foot horizontal pixel resolution with 0.22-foot 
vertical resolution.  The LiDAR data were collected using an ALS50 Phase 2 sensor, and the 
raw data were verified in MARS software.  Included with the dataset were bare-earth digital 
elevation and surface elevation model grids, 1-foot contour lines, breaklines, and bare-earth 
and surface hillshades.  The LiDAR data can be used to generate high-resolution digital 
elevation models to represent surface topography of the upland areas in 5-foot cell size, with 
a vertical accuracy of 0.22 foot.   
 

2.2.3 Bathymetric Data 

Within the aquatic portion of USEPA’s Preliminary Site Perimeter, three data collection 
efforts were conducted in support of the TCRA during 2009, 2010, and 2011.  The studies in 
2009 and 2010 were single-beam surveys that focused on the area within USEPA’s 
Preliminary Site Perimeter.  The 2011 survey addressed the area outside of USEPA’s 
Preliminary Site Perimeter with single-beam cross-channel transects collected upstream 
(15 transects) and downstream (13 transects) of the I-10 Bridge.  The 2011 survey was used to 
augment data that were available from NOAA National Ocean Service collected in the San 
Jacinto River and HSC between 1979 and 1997.  The 2009 and 2010 bathymetric data were 
used as inputs to the hydrodynamic model so that high-flow event simulations could be 
performed to evaluate the TCRA design criteria.  All three bathymetric surveys were used to 
specify inputs to the models developed during the Chemical Fate and Transport Modeling 
Study (Anchor QEA 2012b). 
 

2.2.4 Physical Data to Support Fate and Transport Modeling 

To provide additional physical data needed for the development of hydrodynamic and 
sediment transport models, several field efforts and laboratory studies were undertaken in 
2011 (Table 2-7): 

• A bathymetric survey was conducted during March 2011. 
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• A current velocity study that included measurements of water surface elevation, current 
velocity, and salinity, was conducted over a 6-month period from May to November 
2011.  An acoustic Doppler current profiler was deployed at two locations in 15 to 20 feet 
of water within USEPA’s Preliminary Site Perimeter.  The data were used to augment a 
current velocity study from 2010 at a location adjacent to the 1966 perimeter of the 
impoundments north of I-10.  During the 2010 survey, a high-flow event with a 
magnitude of about 22,000 cubic feet per second (cfs) was captured. 

• Characterization of riverbed properties was performed in March 2011.  This study 
consisted of collecting surface sediment grab samples outside of USEPA’s Preliminary Site 
Perimeter.  These data augmented surface samples collected inside USEPA’s Preliminary 
Site Perimeter in 2010.  The 2011 survey consisted of bed probing to characterize the 
spatial distribution of cohesive and non-cohesive sediments, as well as collection and 
analysis of grab samples for laboratory measurement of GSD, moisture content, and 
specific gravity. 

• A sediment loading study was conducted during May and June 2011.  This study involved 
collection of surface water samples for measurement of suspended sediment at a location 
within USEPA’s Preliminary Site Perimeter.  

• Erosion rates in cohesive sediment bed areas were measured during May 2011.  Data were 
obtained from Sedflume testing of sediment cores collected from 15 locations in the San 
Jacinto River.  

• The vertical distribution of radioisotopes in subsurface sediments was profiled in May 
2011.  The purpose of the profiling was to determine NSRs, based on measurement and 
analysis of lead-210 (210Pb) and cesium-137 (137Cs) in 10 sediment cores collected from the 
San Jacinto River.  

 

2.3 Summary of Chemical Datasets 

Data were collected within USEPA’s Preliminary Site Perimeter before the UAO was issued.  
Those data collected prior to 2006 are generally considered “historical” data.  Contemporary 
data are those that have been collected more recently, and are largely those collected for the 
RI/FS, but include some of the TCEQ’s TMDL data for PCBs.  The historical data are listed 
below, but are not otherwise used in this RI Report.  Also below is a more detailed discussion 
of contemporary data and uses in the RI. 
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2.3.1 Historical Datasets 

Historical datasets providing chemistry data for sediment, surface water, and tissue are listed 
in Tables 2-8, 2-9, and 2-10, respectively.  These data summaries provide dates of collection, 
numbers of samples, and analytes.  The tissue data summary table also lists species and tissue 
type analyzed.  All of these data have been imported into the project database.  All of the 
historical chemistry datasets for the project have been classified into data quality categories, 
as described in Section 3 of the RI/FS Work Plan, and discussed further in Section 2.4.  
 

2.3.2 Contemporary Datasets 

Contemporary chemistry datasets generated during the RI include sediment, soil, tissue, and 
groundwater.  Site-specific background data were collected for sediment, soil, and tissue.  
Summaries of each RI dataset have been updated since the PSCR was submitted.  Updated 
data summaries are provided in Table 2-11 (sediment), Table 2-12 (groundwater), Table 2-13 
(tissue), and Table 2-14 (soil).  More complete descriptions of each sampling event, including 
the QA/QC samples collected, the actual locations sampled, the specific analytes for each 
sample, formulation of composites (for tissue), and other details, are provided in the FSRs.  
Figures showing the station locations, station identifiers, and subareas used in each study 
have been reproduced in this RI Report, as follows: 

• Sediment 
− Figure 2-2 – Nature and extent sediment sampling stations within USEPA’s 

Preliminary Site Perimeter; note that three sampling locations shown (Sample 01-
East, Sample 02-Center, Sample 03-West) were not collected specifically for the 
RI/FS 

− Figure 2-3 – Upstream background sediment sampling locations  
− Figure 2-4 – Intertidal (exposure assessment) sediment sampling stations within 

USEPA’s Preliminary Site Perimeter 

• Soil 
− Figure 2-10 – Soil Investigation Areas 1, 2, and 3  
− Figure 2-11 – Soil Investigation Area 4, including Areas 4a and 4b, and other soil 

sampling locations on the peninsula south of I-10 
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− Figure 2-15 – Background soil sampling stations in the I-10 Beltway 8 East Green 
Space 

− Figure 2-16 – Background soil sampling stations in Burnet Park 

• Tissue 
− Figure 2-6 – FCAs and tissue sampling transects within USEPA’s Preliminary Site 

Perimeter 
− Figure 2-17 – Specific catfish tissue sampling locations within USEPA’s 

Preliminary Site Perimeter 
− Figure 2-18 – Specific blue crab tissue sampling locations within USEPA’s 

Preliminary Site Perimeter 
− Figure 2-7 – Upstream background FCA (SJFCA4) and clam and killifish tissue 

sampling transects  
− Figure 2-19 – Additional background FCA (SJFCA5) for collection of edible blue 

crab and catfish fillet for dioxin and furan analyses 
− Figure 2-20 – Cedar Bayou background sampling area (CBFCA1), with specific 

locations for catfish sampling shown 
− Figure 2-21 – Cedar Bayou background sampling area (CBFCA1), with specific 

locations for blue crab sampling shown 

• Groundwater 
− Figure 2-12 – Groundwater sampling locations – northern impoundment area 
− Figure 2-13 – Groundwater sampling locations – Soil Investigation Area 4. 

 
These maps provide comprehensive views of actual locations of samples and station 
identifiers, and therefore supersede maps in the related SAPs.  All of the data resulting from 
chemistry studies under the RI have been validated according to specifications in their 
respective SAPs, and incorporated into the project database (Appendix A).   
 
As described in the RI/FS Work Plan (Section 5.2.3), surface water samples were not 
collected for the RI/FS.  Surface water chemistry in the brackish estuarine environment 
within USEPA’s Preliminary Site Perimeter was not considered a data gap for several 
reasons: 
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• Potential human exposures through ingestion of or direct contact with surface water are 
considered to be a minor component of overall potential exposure because the water is 
brackish and not potable, and because potential exposures via water are likely to be very 
low relative to exposures resulting from ingestion of sediment and tissue that contain 
COCs.  

• Exposure of ecological receptors through respiration and direct contact with surface 
water is expected.  Exposures to aquatic ecological receptors were evaluated using tissue 
chemistry data.  Only sea birds and reptiles are likely to ingest water regularly, and site-
specific data for water or generalized models are used to address this relatively small 
component of their exposure.  

• The most likely use of surface water data would have been for characterization of 
potential exposures via pathways other than ingestion in the ecological risk assessment.  
For aquatic ecological receptors, other metrics of exposure, such as sediment, soil, and 
tissue concentrations, were developed empirically through sampling.  For those receptors 
for which surface water chemistry is needed to evaluate risk (e.g., via ingestion by 
seabirds), available methods to estimate water concentrations were considered adequate. 

 
Finally, because estuarine water chemistry is highly variable both temporally and spatially, 
empirical characterization of water chemistry is complex and would require a prohibitively 
large number of samples.  To the extent that water chemistry information is needed to 
understand chemical fate and transport, the Chemical Fate and Transport Modeling Study 
(Anchor QEA 2012b) addresses these data needs. 
 

2.4 Uses of Available Datasets 

In preparing the RI Report and supporting documents, the particular uses of each dataset 
must be clearly identified to ensure consistency in the project documents and in the analyses 
presented throughout the RI/FS.  Recognition and documentation of the degree of validation 
of chemical datasets is necessary to characterize the usability of each dataset for various 
purposes, and the reliability of data analyses based on these datasets.  This section identifies 
the uses in the RI/FS of each dataset described in the preceding section.  It builds on 
Section 3 and related material in Appendix D of the RI/FS Work Plan, which together 
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establish categories of data for the project and assign each dataset listed in the RI/FS Work 
Plan to each category.  Data quality categories are defined as follows: 

• Category 1 data are of known quality and are considered to be acceptable for use in 
decision-making.  There is sufficient information on these datasets to confidently verify 
that the data, along with associated data qualifiers, accurately represent chemical 
concentrations present at the time of sampling. 

• Category 2 data are of generally unknown or suspect quality.  The QA/QC information 
shows that data quality is poor or suspect, or essential QA/QC data (e.g., surrogate 
recoveries, matrix spike/matrix spike duplicates) are either incomplete or do not exist. 

 
All data collected for the RI/FS are Category 1 data.  Reassignment of a Category 2 historical 
dataset to Category 1 can occur, as described in Section 3 of the RI/FS Work Plan, if the 
dataset can be independently verified to be of appropriate quality according to USEPA 
requirements (USEPA 2000a).  Any such change in classification of data is reflected in the 
project database described in the introduction to this section, and is accompanied by a 
quality assurance (QA) report, submitted as part of the relevant project deliverable.  The 
following datasets have been independently evaluated and changed from Category 2 to 
Category 1 since the inception of this project:  

• Sediment samples collected at three locations south of I-10 by Kirby Marine for an 
application for a dredge permit on May 27, 2011 (ATC 2011) – Independent validation of 
these data is provided in Appendix A. 

• Sediment samples collected by the TCEQ within USEPA’s Preliminary Site Perimeter in 
August 2005 and analyzed for dioxins and furans – The QA review is reported in 
Appendix A to the COPC Tech Memo (Integral 2011a). 

• Two datasets from the TCEQ’s TMDL program for PCBs 
- PCB congeners in tissue collected in 2008 and 2009 throughout the HSC area  
- PCB congeners in sediment collected for TCEQ’s PCB TMDL program at 

Station 11193, which is within USEPA’s Preliminary Site Perimeter. 
 
The QA review for TCEQ’s PCB data is reported in Appendix A to the Exposure Assessment 
Memorandum (Integral 2012a). 
 



 
 
  Investigation and Environmental Datasets 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 2-49 090557-01 

To establish guidelines for data usage in the RI/FS, three types of uses are identified, as 
follows: 

• Performance of the baseline risk assessment 
• Description of nature and extent of COCs or COPCs under baseline conditions 
• Representation of past conditions. 
 
The considerations and criteria for each of these are presented below, and the designated use 
for each historical dataset is summarized in Tables 2-8 through 2-10.  
 

2.4.1 Performance of the Baseline Risk Assessment 

According to the guidance for performance of an RI/FS, a “baseline risk assessment is 
developed to identify the existing or potential risks that maybe posed to human health and 
the environment at the [s]ite” (USEPA 1988).  It supports the evaluation of remedial 
alternatives by allowing risk managers to determine the risk reduction achieved by each 
remedial alternative, and to evaluate the no-action alternative.  The purpose is to 
characterize current risks, and potential risks in the event that no remedial action is taken.  
Therefore, data used in the baseline risk assessment for the area north of I-10 and aquatic 
environment to represent “current” conditions (i.e., immediately prior to the TCRA), per 
USEPA guidance, do not take into account the effect of the TCRA.  Because risk management 
decisions will stem from the baseline risk assessment, the data used should be of known 
quality and qualified for use in decision-making (Category 1).  
 
An analysis presented Section 3 of the COPC Tech Memo (Integral 2011a) compared dioxin 
and furan concentrations in samples of surface sediments both within USEPA’s Preliminary 
Site Perimeter and north of I-10 that were collected in August 2005 with dioxin and furan 
concentrations in surface sediment collected for the RI in 2010.  The analysis found that 
there were significant differences in dioxin and furan concentrations between 2005 and 
2010, and that concentrations of dioxins and furans in surface sediments in 2005 were higher 
than they were in 2010 within USEPA’s Preliminary Site Perimeter.  It concluded that the 
sediment data from 2005 would not be included in the baseline dataset, because it was not 
representative of current conditions, given the statistically significantly lower concentrations 
apparent in the 2010 data.  Although the cause of the difference is unknown, this analysis 
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does provide a useful benchmark for the other datasets, if it is assumed that a change in 
sediment conditions represents a change in overall conditions.  Therefore, on the basis of 
difference between dioxin and furan concentrations in sediments in 2005 and those collected 
in 2010, none of the data collected in 2005 or earlier are considered part of the baseline 
dataset.  Additional detail on the analysis performed (consisting of excerpts from the COPC 
Tech Memo) is included in Appendix G. 
 
To summarize, data to be used in the baseline risk assessments should be Category 1 data and 
should reflect the current (pre-TCRA) condition.  Among the currently available datasets, 
this includes: 

• Soil, sediment, and tissue data collected for the RI/FS 
• Sediment and water data collected by URS (2010) for TCEQ in 2009 
• Sediment data for PCB congeners collected at TCEQ’s TMDL Station 11193 in 2008 and 

2009. 
 
The data for PCB congeners in tissue that were independently verified are applied in the risk 
assessments. 
 

2.4.2 Description of the Nature and Extent of COCs or COPCs 

Data for use in describing the nature and extent of COCs or COPCs should also represent 
current conditions.  The nature and extent evaluation addresses horizontal and vertical 
spatial patterns, contributes to the source evaluation, and may be useful in the fate and 
transport analysis.  For these purposes, data used should also be Category 1 because risk 
management decisions may be based on such information.  Therefore, the same data that are 
used for the baseline risk assessments are used for presentation and evaluation of nature and 
extent—those that are both Category 1 and representative of current (pre-TCRA) conditions: 

• Soil, sediment, and tissue data collected for the RI/FS 
• Sediment and water data collected by URS (2010) for TCEQ in 2009. 
 
Groundwater data generated for the RI are also used to describe nature and extent of COCs 
or COPCs, but are not used for risk assessment because there are no potentially significant 
exposure pathways to groundwater.  Sediment data collected by Kirby Marine for an 
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application for a dredge permit on May 27, 2011 (ATC 2011) are also included in descriptions 
of the nature and extent of dioxins and furans in sediments. 
 
Other data that have been generated since 2005 may also be of interest to the nature and 
extent evaluation if they provide information that is not available elsewhere or are otherwise 
unique.  A few datasets fall into this group, and are considered useful as supporting lines of 
evidence for the nature and extent evaluation: 

• Sediment collected by Weston (2006) for the TxDOT dolphin project 
• PCB congener data for water collected in 2008 and 2009 by the TCEQ’s TMDL program 

for PCBs (University of Houston and Parsons 2009; Koenig 2010). 
 
These datasets are not used in portraying the nature and extent of COCs in figures or tables, 
but are used where they provide additional insight on a risk- or remediation-related issue.  
These data are in Category 2. 
 

2.4.3 Representation of Past Conditions 

None of the data for environmental media collected within USEPA’s Preliminary Site 
Perimeter prior to 2005 are classified into Category 1, and the only 2005 data currently 
classified as Category 1 are for sediments collected in 2005 by TCEQ (University of Houston 
and Parsons 2006).  Therefore, much of the available data that precede the RI/FS are neither 
representative of current conditions nor appropriate for decision-making.  Nevertheless, 
these data may have value in understanding past conditions, and are considered a useful 
reference for past conditions.  These datasets are recognized as a subset of the available 
historical datasets and are maintained in the project database.  Certain historical datasets 
were used in the Chemical Fate and Transport Modeling Study (Anchor QEA 2012b), for the 
purposes of calibrating the model. 
 

2.5 Data Treatment Rules 

RI/FS data were managed according to the project data management plan (DMP), which is 
provided as Appendix A to the RI/FS Work Plan.  Section 6.5 of that appendix also describes 
general data averaging rules, such as the averaging of results for replicates and treatment of 
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qualified data.  Data accessed for analyses in this RI Report were prepared according to these 
rules, unless otherwise noted in the text.   
 

2.5.1 Calculation of 2,3,7,8-TCDD Toxicity Equivalents 

2,3,7,8-TCDD TEQ concentrations were calculated for descriptive purposes in the RI using 
mammalian TEFs published by Van den Berg et al. (2006) and listed in Table 2-15.6  Notation 
for reporting of TEQ concentrations in this RI Report is as follows: 

• TEQDF,M – TEQ concentration calculated using only dioxin and furan congeners and the 
TEFs for mammals 

• TEQP,M – TEQ concentration calculated using only “dioxin-like” PCB congeners and the 
TEFs for mammals 

• TEQDFP,M – TEQ concentration, calculated using dioxin, furan, and dioxin-like PCB 
congeners and the TEFs for mammals. 

 
The BERA also presents TEQ concentrations (as TEQDF, TEQP, or TEQDFP) calculated using 
TEFs for birds and fish (Van den Berg et al. 1998), and bases the analysis of risks to these 
receptors on these metrics.  Descriptions of spatial patterns and performance of statistical and 
other evaluations in this RI Report are based on TEQ concentrations calculated using 
mammalian TEFs.  The selection of TEQM as a general metric for descriptive and analytical 
purposes (i.e., for purposes other than toxicity evaluation) is consistent with the peer-
reviewed literature (e.g., Howell et al. 2011b) and presentations at other CERCLA sites (e.g., 
Windward 2007; AECOM 2012). 
 

2.5.2 Treatment of Censored Data 

For performance of various analyses in this RI Report, data treatment rules including those 
used to address uncertainty associated with nondetects, are as follows: 

• Nondetects were estimated at one-half the detection limit for use in all calculations, 
unless otherwise specified.  

• TEQ concentrations for samples in which one or more dioxin or furan congener was not 
detected were calculated using nondetects equal to one-half the detection limit and were 

                                                 
6 TEQ concentrations calculated using mammalian TEFs provide the basis for human exposure evaluations. 
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reported as estimated (J-qualified) in the database.  If all congeners were not detected in a 
sample, the TEQ was U-qualified. 

• Consistent with USEPA (1989), nondetect results with a reporting limit higher than the 
highest detected result for a given analyte for each medium were flagged as “high-biasing 
nondetects” and were excluded.   

 
Any deviation from these rules for the purposes of a specific analysis or illustration is 
indicated in the relevant text.  Data treatment rules for performance of the risk assessments 
may be more detailed than the above and may differ in some cases.  Details are presented in 
those documents.  
 

2.5.3 Concentration Units 

Conventions for reporting the measurement basis for chemical analyses of sediment, soil, 
tissue, and water are as follows:  

• Concentrations in sediment and soil are expressed as dry weight (dw) (e.g., ng/kg), unless 
otherwise noted. 

• Concentrations in tissue are expressed as wet weight (ww (e.g., ng/kg), unless otherwise 
noted. 

• Concentrations in water are expressed as mass units per liter (e.g., pg/L), depending on 
the analyte.  

 

2.5.4 Calculation of Total PCBs 

Consistent with comments received from USEPA on the Tissue SAP (Integral 2010b, 
Appendix C), “total PCBs” in tissue was calculated as the sum of 43 specified PCB congeners, 
as listed in Table 2-16.  In cases in which additional PCB congeners co-eluted with the 43 
specified, these congeners were also included in the sum for total PCBs.  For the RI tissue 
and TMDL tissue datasets, these additional congeners included in the total PCB calculation 
were as follows: PCB 20, 30, 47, 61, 65, 69, 76, 83, 86, 90, 97, 109, 113, 115, 125, 129, 135, 
163, 166, and 193.  Their inclusion results in a sum that is biased high compared to the sum 
of the 43 congeners requested by USEPA.   
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In soils and sediments, both Aroclors and PCB congeners were analyzed.  In sediment, PCB 
congeners analyzed included only the dioxin-like PCBs.  Because of variability in the 
approach to analysis of PCBs and because of analytical uncertainty in some samples from 
within the impoundments north of I-10 (detailed in Section 5.2.1), calculation of total PCBs 
in soils and sediments varies for analyses in which it is presented.  Where reference is made 
to total PCBs in this RI Report, the method used to calculate this parameter is noted.  
Additional information on the PCB dataset is provided in Section 5.2.1.2. 
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3 ENVIRONMENTAL SETTING 

The description of the environmental setting within USEPA’s Preliminary Site Perimeter and 
its vicinity considers the surface features and topography, local climate, surface water 
hydrology, geology, soil types and characteristics, hydrogeology, demography and land use, 
and ecology and habitats. 
 

3.1 Surface Features 

The area within USEPA’s Preliminary Site Perimeter is located in the estuarine portion of 
the lower San Jacinto River where the river begins to transition from a fluvial system to a 
deltaic plain.  Elevations are generally lower in the center of the area within USEPA’s 
Preliminary Site Perimeter, where the impoundments north and south of I-10 are located, 
and are higher east of the river on the east side of the area within USEPA’s Preliminary Site 
Perimeter. 
 
Evaluation of the topography within USEPA’s Preliminary Site Perimeter supports Study 
Element 1 – Nature and Extent Evaluation and Study Element 3 –Physical CSM and 
Chemical Fate and Transport Evaluation.  The high-resolution LiDAR dataset described in 
Section 2.2.2 provides the basis for the description of topographic conditions in 2008 
(Figure 3-1); the LiDAR data do not show changes resulting from implementation of the 
TCRA, which occurred in 2011.  Geographic information system software (ArcGIS) was used 
to interpolate the bare-earth point-return data into a digital elevation model.  Results are 
shown in Figure 3-1. 
 

3.1.1 Northern Impoundments 

Ground surface elevations at the impoundments north of I-10 range from 0 feet above mean 
sea level (MSL) at the shoreline to less than 10 feet above MSL.  This area is generally flat 
with very little noticeable relief (Figure 3-1), with the exception of two north–south 
trending drainages in the western cell in the pre-TCRA condition that span almost the entire 
length of the northern impoundments.  Higher elevations correspond to a north-to-south 
trending topographic high within the original 1966 northern impoundment perimeter, 
forming a ridge between the above-water western cell of the northern impoundments and 
submerged portions of the eastern cell.  The upland sand separation area to the west of the 
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northern impoundments appears to be slightly elevated relative to the adjacent wooded area.  
In the historical aerial photographs, it appears that this section of the area north of I-10 took 
its current shape in the early 1980s.  A slight elevation relative to surroundings is interpreted 
to be due to the placement of fill in that area, because aerial photographs preceding the 1980s 
show a uniformly wooded environment extending across the upland sand separation area to 
various degrees. 
 
The DQOs for the LiDAR dataset, discussed in the Soil SAP and Soil SAP Addendum 1 
(Integral 2011c, d), include an analysis to describe surface hydrological flow paths in areas 
where chemicals from paper mill waste from the northern impoundments may be present.  
This is necessary to understand potential sources and pathways to sediments (Study 
Element 3), which may affect remedial alternatives.  
 
The HGAC LiDAR data were used to derive a digital elevation model and to perform an 
analysis of hydrologic flow paths.  The ArcHydro extension in the ArcGIS software package 
was used to delineate surface drainage flow paths using the interpolated topography.  The 
5-foot bare-earth digital elevation model grid was used as input to produce a flow direction 
grid.  Isolated small-scale features less than the vertical resolution of the dataset (0.22 feet) 
were filled by ArcHydro to produce a contiguous surface.  The flow direction grid cells 
indicate the flow direction defined by slope calculations using an eight-direction, pour point 
model.  In turn, the flow direction grid was used as input to produce a flow accumulation 
grid, which records the number of cells that drain to a specific cell in the grid.  Flow paths 
were defined from the flow accumulation grid using threshold drainage areas (2,500 square 
feet).  Flow accumulation grid cells greater than the threshold drainage area were classified 
as flow paths and all cells less than the threshold were interpreted as areas contributing to 
the flow paths.  The resulting flow paths were used to identify dominant drainage flow 
patterns.  Note that on the northern impoundments, microtopography has changed 
substantially from the available LiDAR data as a result of the TCRA, and is not described by 
these results, which reflect 2008 conditions. 
 
Surface water flow path analysis was performed using a model that removes infrastructure 
from consideration.  The presence of buildings, roads, and other human development and 
infrastructure should be considered in the interpretation of the interpolated hydrological 
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flow paths.  The topography and surface water flow paths north of I-10 are shown on 
Figure 3-2.  Surface water flow pathways often comingle into larger drainage networks, but 
ultimately they either discharge to the San Jacinto River or terminate in surface depressions.   
 
Surface water flow paths in the upland sand separation area west of the northern 
impoundments (Figure 3-2, Map 1) tend to discharge to the river across most of the land 
mass.  Several flow paths comingle and discharge to a single point on the western section of 
the upland sand separation area, within and on the west side of the old berth.  The south and 
southwestern portion of the area is graded in such a way that the surface water flows due 
south toward an interior drainage that parallels I-10, ending near the wetland mitigation 
area.  Surface water flow along the eastern section of the upland sand separation area 
discharges to the river along its perimeter, and internally there appears to be at least one 
surface water sink.  At the north end of the eastern lobe of the upland sand separation area is 
a flow path trending north towards the river. 
 
Surface water flows on the land surface in between the upland sand separation area and the 
western cell of the northern impoundments discharges to the river at seven locations 
(Figure 3-2, Map 2).  Prior to TCRA construction, surface water within the northern 
impoundments was directed into two primarily north-south trending drainages before 
discharging to the river; topography and elevation in this area may have resulted in flows 
going both directions as a result of tidal variation.  The surface topography described above 
reflects 2008 conditions (when the LiDAR dataset was created), but the topography has been 
strongly impacted by the TCRA. 
 

3.1.2 Area of Investigation on the Peninsula South of I-10 

Ground surface elevations within the area of investigation south of I-10 range from 0 feet 
above MSL at the shoreline to nearly 13 feet above MSL.  This area is generally flat with very 
little noticeable topographic relief across most of the area (Figure 3-1).  Two elevated 
features or mounds are apparent in the northeastern extremity and center of Soil 
Investigation Area 4a (Figure 3-1).  While the more southern one appears to correspond to 
buildings that are evident in aerial photographs, the northern one is a dirt mound, with the 
top at approximately 12 feet above MSL.  Given that the surrounding terrain is relatively flat, 
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the northern mound may be leftover cut material from grading.  From the graded area just 
south of this mound to the southern extent of Soil Investigation Area 4, the elevation change 
is approximately +4 feet. 
 
The topography and surface water flow paths south of I-10 are shown on Figure 3-3.  Surface 
water flow pathways may comingle into larger drainage networks, but ultimately they either 
discharge to the river on either side of the peninsula or terminate in surface depressions, at 
which surface water runoff would be expected to aggregate and ultimately percolate into the 
soil or evaporate.  Examples of such termini are evident in Figure 3-3 on the central western 
portion of the peninsula (discussed below).  
 
Three major drainage paths are apparent from the LiDAR data, and all three appear to be 
human-made topographic features.  One drainage trends from southwest to northeast and is 
coincident with and to the west of the road that bisects the peninsula (Market Street).  The 
other two drainages begin close to Market Street and flow perpendicular to and away from 
Market Street, trending from the southeast to northwest.  The drainage coincident with 
Market Street, between the east and west sections of the peninsula, begins at the southern 
extent of Soil Investigation Area 4.   
 
On the northern and western quadrant of the peninsula, most of the surface water discharges 
into an L-shaped surface depression and appears not to discharge to the river.  Roads cross on 
both legs of this L-shaped drainage, and the presence of culverts under these roads has not 
been verified.  Without culverts, waters would aggregate and percolate into the soil or 
evaporate; if culverts are present, then surface water drainage in this northwest area would 
move both to the west and to the north, ultimately entering the “Old River,” to the north or 
west of the area of investigation south of I-10.  Immediately south of this northwest 
quadrant, surface water pathways tend to coalesce and terminate in a surface depression, 
except for a small area on the western portion of the parcel that discharges to the river. 
 
The largest area west of the central drainage line is bounded to the north by an east–west 
drainage and to the west and south by the river.  Surface water in the northern quarter of 
this area discharges to the east–west drainage and ultimately to the river.  Much of the 
interior of this area contains surface depressions that focus and contain surface water.  
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Although the presence of buildings at the southern extremity of the peninsula may amplify 
apparent flow paths in that area, it appears that even in the absence of the buildings, clear 
surface water flow pathways in the southern third of this area tend to outfall to the river.  
Similarly, the area east of Market Street on the northern two thirds of the peninsula is 
developed as an industrial shipyard, and the flow paths should be understood in that context 
(i.e., flow termini that aggregate on the upland may indicate a drain or other structure).  
Nevertheless, this development is characterized by flow paths that discharge to the bay at the 
northern end of this area, and in some cases to the eastern shore of the peninsula, towards 
slips and dock developments on the main San Jacinto River channel. 
 

3.2 Climate 

The climate along the Gulf Coast of Texas and the area surrounding Houston is humid 
subtropical.  The average annual precipitation is 54 inches.  The warmest month is July, with 
an average temperature of 85°F, and the coldest month is January, with an average 
temperature of 54°F.  Prevailing wind directions for the region are primarily from the south 
or southeast.  During the spring season, large thunderstorms are common and are capable of 
producing tornados.  The transition to the summer months is characterized by mild 
temperatures, but relative humidity of up to 90 percent results in a higher heat index.   
 
Monthly rainfall over a 10-year period was tabulated and the average monthly precipitation 
is shown in Figure 3-4.  The monthly average precipitation varies from approximately 
2.5 inches in February to over 7 inches in June.  The figure shows that from a high in June, 
average monthly rainfall drops until October, where there is another abrupt increase 
followed by another decline into the winter months.  In late winter into early spring, 
monthly average precipitation increases, until reaching its peak in June. 
 
It is not uncommon to have precipitation events that exceed 2 inches per day, and rain 
events bringing 10 inches of precipitation or higher in a day occur on a decadal scale.  These 
types of precipitation events produce wide variations in the volume of discharge into and out 
of the San Jacinto River and may significantly affect variations in flow velocities, sediment 
transport, and suspended sediment loads.   
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Tropical weather systems can have tremendous impacts on regional precipitation and 
hydrology along the Gulf Coast.  Hurricane season runs from June 1 to November 30.  
Between 1851 and 2004, 25 hurricanes have made landfall along the north Texas Gulf Coast, 
seven of which were major (Category 3 to 5) storms (NOAA 2005).  Tropical Storm Allison, 
which hit the Texas Gulf Coast on June 5 through 9, 2001, resulted in 5-day and 24-hour 
rainfall totals of 20 and 13 inches, respectively, in the Houston area, resulting in significant 
flooding.  More recently, Hurricane Rita made landfall on September 23, 2005, between 
Sabine Pass, Texas, and Johnsons Bayou, Louisiana, as a Category 3 on the Saffir-Simpson 
Hurricane Scale, with winds at 115 mph and it continued on through parts of southeast 
Texas.  The storm surge caused extensive damage along the Louisiana and extreme 
southeastern Texas coasts.  On September 13, 2008, the eye of Hurricane Ike made landfall at 
the east end of Galveston Island and travelled north up Galveston Bay, along the east side of 
Houston.  Ike made its landfall as a strong Category 2 hurricane, with Category 5-equivalent 
storm surge, and hurricane-force winds that extended 120 miles from the storm’s center.   
 

3.3 Surface Water Hydrology 

This section provides an overview of surface hydrology, addressing surface water uses and a 
summary of the estuarine hydrography within USEPA’s Preliminary Site Perimeter.  A more 
detailed description generated to support the evaluation of chemical fate and transport is 
provided in Section 5.6.2 and in the Chemical Fate and Transport Modeling Study (Anchor 
QEA 2012b). 
 

3.3.1 Surface Water Use 

South of the dam at Lake Houston, the San Jacinto River, including the area surrounding 
USEPA’s Preliminary Site Perimeter, is tidally influenced.  The area south of USEPA’s 
Preliminary Site Perimeter is dominated by the HSC and the industrial sites that are served 
by the barges and ocean-going vessels that use the HSC.  From USEPA’s Preliminary Site 
Perimeter north to Lake Houston there is much less industrialization along the river.  The 
water quality segments upstream and downstream include the following uses: aquatic life, 
general, recreation and restricted fish consumption.  The river segments of interest are 
segments 1001 and 1005.  River segment 1001, which includes the area within USEPA’s 
Preliminary Site Perimeter, begins at a point 100 meters downstream from the I-10 Bridge 

http://en.wikipedia.org/wiki/Sabine_Pass,_Texas
http://en.wikipedia.org/wiki/Johnsons_Bayou,_Louisiana
http://en.wikipedia.org/wiki/Saffir-Simpson_Hurricane_Scale
http://en.wikipedia.org/wiki/Saffir-Simpson_Hurricane_Scale
http://en.wikipedia.org/wiki/Storm_surge
http://en.wikipedia.org/wiki/Texas
http://en.wikipedia.org/wiki/Galveston_Island
http://en.wikipedia.org/wiki/Galveston_Bay
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and continues north until reaching Lake Houston.  Segment 1005 begins at the same point 
below the I-10 Bridge and continues downstream to the confluence with Galveston Bay at 
Morgan’s Point.   
 
The first fish advisory for this area, ADV-3 (Texas Department of Health [TDH] 1990), was 
issued in 1990 based on concerns over dioxins in catfish and blue crabs.  This advisory was 
re-evaluated in subsequent years based on new monitoring data and continues to be in effect 
today.  In addition, in 2001, ADV-3 was augmented by a new advisory, ADV-20 (TDH 2001), 
also covering waters within USEPA’s Preliminary Site Perimeter.  ADV-20 addressed health 
concerns related to consumption of all species of finfish due to the presence of elevated 
concentrations of organochlorine pesticides and PCBs.  In 2005, an additional advisory, 
ADV-28 (TDSHS 2005b), was issued for spotted seatrout from these waters due to concerns 
about PCBs.  Detailed descriptions of all restrictions in segment 1001 of the San Jacinto River 
are provided online7 and are posted on signs at locations along the river.  In all but one of 
these areas, the river is considered suitable for aquatic life and recreation.  The area that is 
not considered to be suitable is located in the HSC west of the San Jacinto River.   
 
Lynchburg Reservoir, located on the east bank of the San Jacinto River just south of the I-10 
Bridge, uses water pumped in from the Trinity River.  It is owned by the City of Houston, 
and construction was completed in 1976.  At normal levels the lake has a surface area of 
200 acres.  The lake dam is earthen construction, with a height of 35 feet and a length of 
15,315 feet.  The lake capacity is 5,188 acre-feet; however, normal storage is 4,700 acre-feet.  
The lake drains an area of 0.32 square miles.  Lost Lake (located south of I-10 between the 
primary channel of the San Jacinto River and the Old Channel to the west) is not a surface 
water reservoir; rather, it is a CDF for sediments from the HSC maintenance dredging 
program.  It is managed by the Port of Houston Authority and U.S. Army Corps of Engineers 
(USACE), Galveston District. 
 

3.3.2 Hydrography 

Flow rates in the San Jacinto River in the vicinity of USEPA’s Preliminary Site Perimeter are 
partially controlled by the Lake Houston dam, which is located about 16 river miles 

                                                 
7 http://www.dshs.state.tx.us/seafood/survey.shtm#advisory 
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upstream of the northern impoundments.  The average flow in the river is 2,200 cfs.  Floods 
in the river occur primarily during tropical storms (e.g., hurricanes) or intense thunder-
storms.  Extreme flood events have flow rates of 200,000 cfs or greater.  Floods can cause 
water surface elevations to increase by 10 to 20 feet or more (relative to average flow 
conditions).  A flood in October 1994 had a peak discharge of 360,000 cfs, which has a return 
period of greater than 100 years; the river stage height during the October 1994 flood had a 
maximum value of 27 feet above MSL.  
 
The river in the vicinity of the northern impoundments is affected by diurnal tides, with a 
typical tidal range of about 2 feet.  Tidal range varies over a 14-day cycle, with neap and 
spring tide conditions corresponding to minimum and maximum tidal ranges, respectively.  
Tropical storms and wind storms from the north can have significant effects on water levels.  
Hurricane storm surges usually cause increases in water depth of 4 to 6 feet.  Storms with 
strong winds from the north can cause water to be transported out of the Galveston Bay 
system which can result in water levels that are much lower than low tide elevations. 
 
Salinity in the vicinity of USEPA’s Preliminary Site Perimeter generally ranges between 10 
and 20 ppt during low to moderate flow conditions in the river.  During floods, salinity 
values will approach freshwater conditions.  A detailed description of the hydrodynamics 
within USEPA’s Preliminary Site Perimeter is provided in Section 5.6.2. 
 

3.4 Geology 

A basic description of the geological environment USEPA’s Preliminary Site Perimeter is 
useful to the evaluation of chemical fate and transport and supports development of the 
physical CSMs (Study Element 3). 
 

3.4.1 Regional Geology 

Sediments of the Texas Gulf Coast are generally Cenozoic fluvial-deltaic to shallow-marine 
deposits of a coastal plain environment (USGS 2002).  Sea-level transgression-regression 
cycles and natural basin subsidence have produced beds of clay, silt, sand, and gravel that 
gently dip southeast towards the Gulf of Mexico.  This complex depositional process created 
both a continental assemblage of sediments that now makes up the aquifers within the area 
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and a marine sequence of sediments that contains clay layers and confining units.  This 
process resulted in a regional aquifer system with a high degree of heterogeneity in both 
lateral and vertical extent (USGS 2002) commonly referred to as the Gulf Coast Aquifer 
System (GCAS; TNRCC 1999).  The unconsolidated deposits mapped within the area of 
USEPA’s Preliminary Site Perimeter are shown in Figure 3-5.   
 

3.4.2 Local Geology 

In the area of USEPA’s Preliminary Site Perimeter, the surface and underlying local soils 
include Holocene alluvial deposits and the Beaumont Formation, which is the youngest and 
uppermost of the series of coast-parallel Pleistocene deposits that make up the GCAS.  The 
soils of the Beaumont Formation are dominated by clays and silts that thicken seaward and 
that were deposited in a fluvial-deltaic environment (Van Siclen 1991).  The Beaumont 
formation and overlying recent alluvial soils make up the uppermost units of the Chicot 
Aquifer (USGS 2002), which is discussed along with the Evangeline Aquifer in Section 3.6.1 
below. 
 

3.5 Local Soils and Stratigraphy 

This section describes the soils and stratigraphy of areas both north of I-10 and on the 
peninsula south of I-10, which was summarized from the PSCR (Integral and Anchor QEA 
2012a).  Information for soils in sampled areas south of I-10 has been updated with 
information resulting from the 2012 Phase II soil sampling.  This section supports Study 
Element 3 – Physical CSM and Fate and Transport Evaluation. 
 

3.5.1 Impoundments North of I-10 

The field explorations performed during core sampling north of I-10 as well as during both 
the sediment study and groundwater study encountered a general stratigraphic sequence 
similar to near-surface regional published geologic findings, as summarized above.  This 
sequence, depicted in cross section on Figure 3-6, consists of: 

• Recent alluvial sediments (interbedded clay, silt, and sand, reworked in areas near the 
northern impoundment berms) 

• Beaumont Formation clay (brown, red-brown-gray, blue-gray) 
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• Beaumont Formation sand (gray, blue-gray). 
 
These major stratigraphic units have been more finely interpreted as described below.   
 
Gray sandy clay.  Beneath a layer of topsoil and roots in all of the borings within the western 
cell of the impoundments north of I-10, the surface unit consisted of a gray, clay-like 
material with some fine sand-sized particles.  This material was very soft in consistency, and 
typically was approximately 2 feet in thickness.  This material is interpreted to be the 
impounded paper mill waste material and was not encountered in any of the in-water 
borings. 
 
Dark gray and black silty clay.  Within the western cell of the impoundments north of I-10 
and beneath the gray clay-like material, a very soft, dark gray and black silty clay unit was 
encountered.  The unit ranges in thickness from 2 to 8 feet and contains fibrous organic 
matter.  This unit is interpreted to be the former marsh soils, was encountered in all borings 
advanced in the tidally influenced zone, and was not encountered in the in-water borings. 
 
Soft silt and clay.  The upper sediment layer from geotechnical borings completed in the 
water over the eastern part of the impoundments consisted of varying, stratified deposits of 
soft silt and clay, with occasional layers of sand.  This soft clay and silt were observed from 
the mudline down to an elevation of –26 feet North American Vertical Datum of 1988 
(NAVD88), and range in thickness from 13 to 22 feet in the water, and 0 to 10 feet on the 
land.  This layer varies in color from gray to brown, to almost black and contains varying 
amounts of organic fibers, from trace to abundant. 
 
Light gray sand.  At most boring locations, underlying the soft silt and clay, was a layer of 
loose to medium dense, light gray sand.  This sand layer is generally slightly silty, with fine- 
to medium-grained, sub-rounded particles.  Occasionally, interbeds of gray clay were 
observed within this unit.  The light gray sand unit ranges in thickness from 6 to 16 feet and 
was observed from elevations –12 to –34 feet NAVD88 in the water.  This unit was the 
deepest unit encountered in most of the land-based borings, with the exception of SJGB001, 
which transitioned into the lower unit at elevation –22 feet NAVD88.  Occasionally, this 
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layer was not observed in an in-water boring when the soft clay transitioned directly to a 
thick layer of hard clay. 
 
Beaumont clay.  A hard, dry to damp clay layer was observed approximately from elevations 
–24 to –65 feet NAVD88, and ranged in thickness from 27 to 41 feet.  This material was light 
reddish-brown in color and graded to light-bluish-gray with depth.  There was an occasional 
trace of sand and silt in the reddish-brown clay.  Generally, the light bluish-gray clay graded 
to sandy clay to clayey sand with less plasticity with depth.  In boring SJGB003, from 
elevation –65 to –107 feet NAVD88, the clay layer was observed considerably deeper than 
other borings and was observed alternating between dark and light gray and with a trace of 
wood fragments throughout.   
 
Very dense sand.  In borings underneath the hard clay layer, a unit of medium to very dense, 
light gray, silty sand with pockets of clay was observed from elevations –56 to –130 feet 
NAVD88.  This soil was found at the terminus of several of the 60-foot borings and was 
observed in the two 120-foot borings.  In boring SJGB003, this unit was observed underlying 
the hard, dark gray clay with wood, existing as interbeds in the clay before gradually 
transitioning to a distinct layer and was observed for a thickness of 9 feet until the extent of 
exploration was reached.  In boring SJGB007, this unit was 39 feet thick. 
 
Lower hard clay.  In boring SJGB007, a light bluish-gray layer of hard clay was observed 
underlying the lower layer of dense light gray sand.  This lower layer of hard clay was 
observed from elevation –95 feet NAVD88 to the bottom of the exploration at –124 feet 
NAVD88 in SJGB007.  An 11-foot-thick layer of this unit was observed in boring SJGB003 
from –110 to –121 feet NAVD88.  This material was very similar to the upper hard clay unit 
in terms of plasticity and grain size. 
 

3.5.1.1 Stratigraphy from Water Well Borings 

Stratigraphic units that were encountered during the installation of groundwater monitoring 
wells north of I-10 consist of alluvium and the upper units of the Chicot Aquifer: the 
Beaumont Formation clays, silts, and sands (Figure 3-6).  One well, SJMWS04, was 
completed within impoundment waste at the request of USEPA.  The remaining six wells 
(SJMWS01, SJMWD01, SJMWS02, SJMWD02, SJMWS03, and SJMWD03) in three well 
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pairs, verified local stratigraphy found in the geotechnical borings described above to 
approximately 70 feet below grade in the area of the impoundments north of I-10.  
 
As shown on Figure 3-6, the brown to red-brown Beaumont Formation clay is present in 
substantial thickness (i.e., greater than 10 feet thick), and with its upper surface at a 
relatively consistent elevation—approximately –35 feet MSL.  The Beaumont Formation clay 
is extremely hard and dense (~6,000 pounds per square foot as measured by pocket field 
penetrometer; boring logs are available in the Soil FSR).  The Beaumont Formation under 
this clay layer is primarily sand as described in the geotechnical borings above.  Sediments 
above the Beaumont Formation clay are interbedded recent alluvial sands, silts and clays.  
Some of these alluvial sediments (e.g., at location SJMWS02) are reworked, a result of berm 
creation.  The remaining alluvial sediments encountered exhibited stratification and bedding 
indicative of in situ original materials.   
 

3.5.1.2 Hydraulic Conductivity of Waste from Shallow Cores 

Three shallow waste cores were collected from approximately 0 to 3 feet below grade for 
hydraulic conductivity testing as part of the groundwater study (Figure 2-12).  Mean 
hydraulic conductivity (K) was obtained using the Falling Head/Rising Tailwater Hydraulic 
Conductivity Test ASTM D-5084 (Method C).  The testing results are: 

• 1.05 x 10–6 cm/sec SJPERM01 
• 8.39 x 10–7 cm/sec SJPERM02 
• 3.81 x 10–6 cm/sec SJPERM03. 
 
These values correspond to the finer endpoint of silt and coarser endpoint of unweathered 
marine clay (Freeze and Cherry 1979).  Further, these values would be expected for waste 
material, which is described as having a clay-like texture. 
 

3.5.2 Area of Investigation on the Peninsula South of I-10 

This section uses information gained during core sampling for the soil investigation south of 
I-10 in 2011 and in 2012.  Geological data collected during this investigation include 
observations of soil type, grain size, color, structure, presence of debris, sheen, and odor from 
26 borings and three surface soil samples (Figure 2-11, Table 3-1).  This information was 
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collected on field logs, entered into a database, and then used to generate four cross sections 
depicting Soil Investigation Area 4 and an area to the west of Soil Investigation Area 4 where 
core sampling was conducted.  Physical information and corresponding TEQDF,M 
concentrations are shown in Figures 3-7, 3-8, 3-9, and 3-10.   
 
The soils collected from within and adjacent to (to the west of) Soil Investigation Area 4 are a 
heterogeneous mix of predominantly silt- and clay-size material with lesser amounts of 
medium to coarse sand and gravel, and finally, fine and very fine sand.  With few exceptions, 
gravel is present only close to the surface (0 to 8 feet bgs), and is interpreted to be a fill 
material.  Fine and very fine sand is typically present only in the deeper portions of the cores 
(greater than 3 feet bgs).  Some of this material appears to be mixed or layered with fill, but 
the very deep (greater than about 16 feet bgs) layers appear undisturbed.  Silt and clay were 
found at various depths in the borings.  On the basis of a combination of physical 
characteristics including color, structure, vegetation, and elevation, silt and clay are generally 
considered to be either fill or undisturbed soil.  Available information suggests that up to 
16 feet of these materials is fill placed on top of or mixed into the top of natural alluvial 
sediments. 
 
The field explorations encountered a general soil sequence consisting of seven soil units that 
are described below, from the ground surface downward, and illustrated on Figures 3-7 
through 3-10.  The uppermost four units are interpreted to be fill (photographs of these units 
are provided in Figure 3-11), while the lower three are interpreted to be native deposits 
(photographs of these units are provided in Figure 3-12).  In some areas, the sequence is 
missing certain soil units or no clear distinction between units can be made.  Also, in some 
areas deep disturbance is evident as portions of the native deposits appear to have been 
significantly disturbed or mixed with fill material. 
 
Brown sandy silt (dBn silt).  The surface soil generally consists of brown gravelly or sandy 
silt.  In localized areas, the sand and gravel components of this unit are substantial.  This soil 
is generally only a few inches thick, but is not present in some areas and in other areas 
extends to depths of almost 2 feet bgs.  This material occasionally contains assorted debris 
(e.g., wood, shells, and glass). 
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Light clay (YRB, RBn, lBn, Wht, or Pnk clay).  Beneath the brown sandy silt, and 
occasionally exposed at the surface toward the north end of Soil Investigation Area 4a, is clay 
or silty clay that usually has a mottled texture and was observed most commonly to be a 
mixture of three colors with variable combinations.  The colors recorded in the field logs 
(Integral and Anchor QEA 2011e; Integral 2012f) include the lighter shades of gray, brown, 
red, and yellow, and occasionally pink and white.  This material is typically stiff in 
consistency and with very few exceptions never contains wood, shells, or other debris.  This 
unit is generally laterally continuous in Soil Investigation Area 4a, with the exception of the 
borings near the north end of transects B-B’ and C-C’ (Figures 3-8 and 3-9), and ranges from 
a few inches to several feet thick.  This clay is the thickest in the central and western portion 
of Soil Investigation Area 4a, as shown in cores SJSB006 (Figure 3-9), SJSB008 (Figure 3-8), 
and SJSB013 (Figure 3-7).  
 
Dark gray sandy silt and clay with debris (dGy clay).  Present near the surface at the 
northwest corner of Soil Investigation Area 4a and extending beneath the light clay layer 
across most of the remainder of Soil Investigation Area 4a is a dark brown to gray or black 
sandy silt and/or sandy clay.  This material, which often spans the water table, is typically 
stiff above and soft below the groundwater surface.  This material frequently contains debris 
(e.g., wood, plastic, shells, and glass).  This unit has a wide range of thicknesses, ranging from 
1 foot to more than 10 feet.  This material is not present in core SJSB010, near the northeast 
corner of Soil Investigation Area 4. 
 
Gray silty sand (lGy, Gry, or dGy sand).  This unit is present beneath the sandy silt and clay 
unit in most borings in the southern portion of Soil Investigation Area 4a, but is rarely 
present in the northern portion of Area Soil Investigation 4a.  This unit is usually a few 
inches to several feet thick and is not found at elevations deeper than –11 feet NAVD88. 
 
Peat and vegetation (Peat or V).  A dark brown to dark gray layer of peat or dense vegetative 
matter is present in many cores in the southern portion of Soil Investigation Area 4a, and is 
generally absent in the northern portion of Soil Investigation Area 4a.  Where identified as 
peat, this unit is typically only a few inches thick (e.g., SJSB026; Figure 3-8).  Where a 
vegetation-rich layer is present in silt or clay, the thickness is occasionally greater than 
0.5 foot (e.g. SJSB016, SJSB021; Figure 3-10).  
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Dark gray to black clay (dGy or Blk clay).  A soft to very soft black clay layer is present in 
most of the Soil Investigation Area 4a borings, with the top of this unit ranging in depth 
from 6 to 16 feet bgs.  Where this unit is present at the shallower depths (6 to 12 feet bgs), 
the clay often contains debris and is often mixed with or in alternating layers with the dark 
gray silt, gray sand, or vegetative layers discussed above.  When debris is present it is often 
accompanied by petroleum hydrocarbon odor and sometimes sheen.  The presence of mixed 
or layered units with debris is most prevalent in the northern portion of the Soil 
Investigation Area 4a.   
 
When this clay is present at the greater depths (greater than 12 feet bgs), it commonly occurs 
directly beneath the peat/vegetative layer and usually extends to the base of the boring.  
Field observations of rootlets and a lack of debris in deeper sediment within this unit suggest 
that the clay at these depths is generally undisturbed.  A sulfur odor often is associated with 
this clay when it is identified beneath the peat or vegetative layer.  This setting is most 
common south of and in the southern portion of Soil Investigation Area 4, but is commonly 
observed near the base of this clay unit within the northern portion of Soil Investigation 
Area 4a.  Occasionally, shell deposits are noted near the base of this unit (Figure 3-12).  The 
compositional variation within this unit suggests that native clay is overlain by clay that was 
mixed with fill material and debris. 
 
Light gray silty sand or silt (Gry sand or lGy silt).  At the base of almost every core drilled to 
an elevation deeper than –13 feet NAVD88 (16 to greater than 20 feet bgs) is loose light gray 
to gray fine sand or silt, with increasing silt content to the south.  Virtually no debris is 
observed in this unit and there is no evidence of disturbance.  This layer is laterally 
continuous across the northern portion of Soil Investigation Area 4a.  The few deep cores in 
the southern portion of Soil Investigation Area 4 suggest the unit may be continuous in the 
south as well.  This unit was identified at an elevation of about –12 feet NAVD88 in two 
cores drilled outside the western boundary of the southern portion of Soil Investigation 
Area 4a (SJSB013 and SJSB017), and at an elevation of about –11 feet NAVD88 in core 
SJSB009 near the middle of Soil Investigation Area 4a, and in SJSB023, near the south end of 
Soil Investigation Area 4. 
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Distribution of debris.  Debris not typical of paper mill waste was observed in approximately 
two-thirds of the 26 cores in Soil Investigation Area 4a (Table 3-1).  This debris included 
plastic sheeting, glass, wood, rubber, shells, brass fittings, asphalt, and paint chips.  Most of 
the debris was encountered between 5 and 10 feet bgs in the dark gray sandy silt and clay, 
but some was also encountered at shallower and deeper depths.  The debris found at depths 
between 10 and 13 feet bgs was in cores placed in a location near what appear to be trenches 
in the 1964 aerial photograph.  The deepest debris was found in two adjacent cores (SJSB013 
and SJSB017) along the west side of Soil Investigation Area 4, where crushed woody debris 
was found at approximately 17 feet bgs. 
 
Surface and shallow subsurface soils (to approximately 20 feet bgs) in Soil Investigation 
Area 4 differed from soils in Soil Investigation Area 3 north of I-10.  The only similarities 
occur in the two deepest soil units identified in Soil Investigation Area 4: the dark gray to 
black clay and the underlying light gray silty sand or silt.  Based on the observations 
presented in the core logs, the deepest portions of the black clay and all of the silty sand are 
interpreted to be undisturbed, naturally occurring deposits.  At least one core completed in 
the sand (SJSB005) contained hydrocarbon odor and sheen.  Units above these undisturbed 
deposits are interpreted to be fill materials, and contain a mixture of clay, silt, sand, and 
gravel with varying amounts of debris and petroleum hydrocarbons. 
 
Data gathered from the soil investigation suggest that the subsurface soil environment in Soil 
Investigation Area 4 consists of 10 to 16 feet of fill material on top of naturally deposited 
sediment.  The fill material is generally thickest at the north end of Soil Investigation Area 4a 
and appears deepest in locations near what appear to be trenches in the 1964 aerial 
photograph.  Four types of fill soil are identifiable from the observed discrete layering or 
physical characteristics, which suggests that at least four different sources of fill material 
exist.  
 

3.6 Regional Hydrogeology 

The GCAS is located along the coast of the Gulf of Mexico and has been divided into four 
units: the Chicot, Evangeline, and Jasper aquifers, and the Burkeville confining unit.  Each of 
these hydrogeologic units has particular hydrogeologic properties.  USEPA’s Preliminary Site 
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Perimeter, located in Harris County, is above the Evangeline (deeper) and Chicot (shallower) 
aquifers as shown in Figure 3-13.  The Evangeline Aquifer consists of the Goliad Sand 
Formation, which overlies the Burkeville confining unit of the Fleming Formation (not 
shown).  The Burkeville unit is considered the basal unit within the Houston area and is a 
“no-flow” unit that separates the Evangeline and Chicot aquifers from the more dense saline 
waters below.  The base of the Evangeline Aquifer ranges from 5,000 feet below MSL south 
of the coastline to slightly more than 200 feet above MSL at its northern, up-dip extent.  The 
aquifer extends as far north as Washington, Walker, and surrounding counties and is 
thinnest in the up-dip direction.  The Evangeline Aquifer exhibits unconfined shallow water 
table characteristics in these up-dip locations (where the Chicot Aquifer is not present) and 
becomes confined when moving southward through the Houston area toward the coast 
(USGS 2002).   
 
The near-surface stratigraphy within USEPA’s Preliminary Site Perimeter consists of the 
uppermost units of the Chicot Aquifer.  In stratigraphic order from youngest to oldest, the 
Chicot Aquifer consists of the Holocene surficial river alluvium underlain by the Beaumont, 
Montgomery, and Bentley formations, and by Willis Sand formations (USGS 2002).   
 
Similar to the Evangeline Aquifer, the Chicot Aquifer extends from the coastline to the north 
of Houston into Austin, Waller, Polk, and surrounding counties, but not as far north as the 
Evangeline Aquifer (Figure 3-13).  The base of the Chicot Aquifer is located more than 
1,500 feet below MSL near the coast, and more than 100 feet above MSL near the upland 
limit of the aquifer.  Like the Evangeline, the Chicot Aquifer has shallow water table 
conditions in upland locations and becomes confined by the Beaumont Formation clays and 
silts moving south through the Houston area toward the coast (USGS 1997).  The confined 
nature of the Chicot Aquifer in the vicinity of USEPA’s Preliminary Site Perimeter was 
confirmed during Groundwater SAP implementation, as described further, below.  
 
Groundwater elevation maps for the Evangeline and Chicot aquifers show that regional 
groundwater flow is directed approximately southeast towards the Gulf of Mexico 
(USGS 2002).  On a localized net flow basis, shallow groundwater may discharge to the San 
Jacinto River, providing a portion of base flow.  Under high tide and river flow conditions, a 
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temporary gradient reversal may cause the San Jacinto River to temporarily recharge the 
shallow alluvium adjacent to the river.   
 
Recharge to the Chicot Aquifer primarily occurs in the northern up-dip outcrop areas shown 
in Figure 3-14 where the Beaumont Formation is thinner or nonexistent.  This area of 
recharge for the Chicot Aquifer is well upgradient from USEPA’s Preliminary Site Perimeter.  
As described above, the fine-grained Beaumont Formation clays and silts separate the 
shallow alluvium from the underlying formations of the Chicot Aquifer.  Consistent with the 
literature and observations made during the RI, these clays and silts greatly restrict any 
recharge that might occur from alluvium to the Chicot Formations underlying the Beaumont 
(USGS 1997).   
 
The Chicot Aquifer is used as a drinking water source within the greater Houston area, but 
water used from this source is pumped from wells screened far below the Beaumont 
Formation.  Although there are some privately owned upper Chicot Aquifer wells near 
USEPA’s Preliminary Site Perimeter, the infiltration of surface waters or shallow 
groundwater would likely be prevented by the thick sequence of the clay and silt deposits of 
the Beaumont Formation, effectively isolating the lower portion of the Chicot Aquifer from 
shallower groundwater and surface water in the vicinity (USGS 2002).   
 

3.6.1 Local Hydrogeology 

The local water table (i.e., shallow groundwater) is found near land surface in the shallow 
alluvium sediments, generally at the approximate elevation of the San Jacinto River water 
surface.  Groundwater movement in the shallow alluvium in the area is dominated by surface 
water and groundwater interactions with the river, which surrounds the former 
impoundments north of I-10 and the area to the south.  In regions such as the area within 
USEPA’s Preliminary Site Perimeter (i.e., shallow water table, relatively flat topography), 
groundwater discharges to surface water bodies (Fetter 1994; Freeze and Cherry 1979).  This 
reach of the San Jacinto River watershed is characterized by extremely flat groundwater 
gradients indicating that the area surrounding USEPA’s Preliminary Site Perimeter is an area 
of minimal recharge to the aquifers (see Figure 3-14).  The Beaumont Formation is a 
confining unit that isolates shallow groundwater in the Holocene alluvium and in the San 
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Jacinto River sediments from the underlying formations of the Chicot Aquifer.  This 
presence of the Beaumont Formation underlying the alluvium is shown in Figure 3-6.   
 
There are three groundwater wells near the east bank of the San Jacinto River that are 
within approximately 3,000 feet of the groundwater sampling locations north of I-10 
(Figure 3-5, Table 3-2).  The Harris County WCID 1 (#6516506) well penetrates the Lower 
Chicot Aquifer at a depth of 537 feet (elevation –497 feet MSL) and is approximately 
1,000 feet due east of the northern impoundments.  A well owned by C. Fitzgerald 
(#6516812) penetrates the Upper Chicot Aquifer at a depth of 125 feet (elevation –95 MSL) 
and is approximately 1,900 feet southeast of the northern impoundments.  A well owned by 
Vahlco Corp (#6516811) penetrates the Lower Chicot Aquifer at a depth of 530 feet 
(elevation –94 MSL) and is approximately 3,500 feet south of the northern impoundments.   
 
Given that these potable water wells are screened within or below the Beaumont formation, 
it is expected that their water quality would be different from the relatively brackish, non-
potable shallow groundwater adjacent to and potentially influenced by the San Jacinto River.  
Since the San Jacinto River is in a tidal estuary, the river water has relatively high natural 
salt content and TDS concentration, which is reflected in shallow groundwater near the 
former impoundments, as discussed in Section 3.6.2.2.   
 
Figures 3-15 and 3-16 depict water quality data from wells 6516811 and 6516812 (both 
screened in the Lower Chicot) that were collected in 1972 (TWDB 2010 and compared with 
water quality data from the San Jacinto River.  Note that the well completion data from 1972 
are the only publicly available data for these wells.  The data shown for the San Jacinto River 
are an average of all data collected in 2009 from Station 11193 (HGAC 2010),as river data do 
not exist from 1972 when the wells were sampled.  The data are presented on a Stiff diagram 
(Figure 3-15) and Piper diagram (Figure 3-16).   
 
These diagrams are common graphical presentations for water quality data, used to identify 
water source similarities and differences by comparing concentrations of common cations 
and anions.  The signature of the San Jacinto River water is markedly different from that of 
the two monitoring wells on the Stiff and Piper diagrams, indicating two distinct water 
sources; the differences also indicate that the Beaumont Formation effectively isolates the 
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Chicot Aquifer from recharge from shallow groundwater in the vicinity of USEPA’s 
Preliminary Site Perimeter.  Because the bottom of the channel of the San Jacinto River is 
deeper than the depth of the base of the northern impoundments, it can be assumed that the 
Beaumont Formation not only acts as an aquitard that keeps saline surface water from 
infiltrating into potable water supplies in the Chicot, but also that the Beaumont is an 
effective aquitard to saline shallow groundwater surrounding USEPA’s Preliminary Site 
Perimeter.  This assumption has been shown to be valid, based on data gathered during the 
RI, as described in Section 5.2. 
 
Given this local hydrogeology, water quality analysis, and regional recharge considerations, 
it would be unlikely that shallow groundwater in general, or any COPCs identified in the RI 
process, specifically would affect local Chicot wells.  In order for shallow groundwater near 
USEPA’s Preliminary Site Perimeter to affect local wells in the Chicot Aquifer, groundwater 
from the alluvial sediments would have to overcome significant surface water-groundwater 
interactive forces, penetrate up to approximately 20 feet of Beaumont Formation clay and 
silt, which has been shown to confine the Chicot Aquifer in the region by the U. S. 
Geological Survey (USGS; 2002), and flow under the San Jacinto River to reach these wells—
a very unlikely scenario.  No data are available that demonstrate that these three wells or any 
other public water supply wells have been impacted or are threatened by COPCs originating 
from within USEPA’s Preliminary Site Perimeter.  Finally, dioxins and furans strongly 
adsorb to soil particles and are generally considered to be virtually immobile in the 
subsurface environment (Fan et. al. 2006; USAF 2006; ATSDR 1998), further decreasing the 
likelihood of transport by groundwater to these distant wells.  ATSDR (1998) indicates that 
chlorinated dibenzo-p-dioxins (CDDs) “…bind strongly to the soil, and therefore are not 
likely to contaminate groundwater…” and “CDDs are unlikely to leach to underlying 
groundwater…”  Data obtained during the RI confirm that the Chicot Aquifer is unaffected 
by COPCs, as discussed in Section 5.2. 
 

3.6.2 Site-Specific Hydrogeology  

Implementation of the Groundwater SAP north of I-10 and Groundwater SAP Addendum 1 
for the peninsula south of I-10 has generated information on groundwater potentiometric 
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surfaces, direction of flow, and groundwater chemistry.  Information descriptive of the site-
specific groundwater resource is described below. 
 

3.6.2.1 Subsurface Hydrogeology: Groundwater Movement 

Results of the groundwater evaluation north of I-10 were first presented in the PSCR, and 
are repeated below.  Results of the groundwater evaluation south of I-10, which have not 
been presented previously, are also described below. 
 

3.6.2.1.1 Groundwater Movement North of I-10 

The shallow wells in each well pair (i.e., SJMWS01, SJMWS02, and SJMWS03) were 
constructed with screened intervals in alluvial sediments in zones of relatively greater 
permeability.  The deep wells in each well pair were constructed with the screened interval 
immediately below the Beaumont clay.  Screened intervals in both shallow and deep well 
groups are approximately the same length and elevation (Figure 3-6). 
 
Water level data indicate that groundwater flows in the alluvium are approximately 
congruent with localized surface topography (Figure 3-17), and discharge as expected 
generally to the San Jacinto River (periods of high tides or flood conditions may temporarily 
and locally reverse shallow groundwater flow gradients).  This flow direction is expected 
because the water table normally mimics topography in a subdued manner in unconsolidated 
materials (Freeze and Cherry 1979). 
 
Deep well water level data indicate a general southeast regional flow (Chicot Aquifer 
potentiometric surface in Figure 3-17), consistent with the regional deep groundwater flow 
direction noted in USGS (2002).   
 
A comparison of water level data from paired shallow and deep wells indicates a downward 
potentiometric gradient between the alluvial materials and the Beaumont Formation.  
Notably, however, the existence of this potentiometric gradient indicates only the potential 
for downward groundwater flow; the Beaumont clay confines (i.e., separates) the deeper 
groundwater in the Beaumont Formation from groundwater in the alluvium within USEPA’s 
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Preliminary Site Perimeter.  Analysis of groundwater chemistry collected prior to the RI and 
presented in Figures 3-15 and 3-16 further reinforces this conclusion. 
 

3.6.2.1.2 Groundwater Movement, Peninsula South of I-10 

The wells installed in the area of investigation south of I-10, within Soil Investigation Area 4, 
were constructed with screened intervals immediately above native materials and intercept 
the observed unconfined potentiometric surface (i.e., water table), in accordance with the 
Groundwater SAP Addendum 1 (Anchor QEA and Integral 2012a). 
 
Water level data obtained on May 5, 2012 indicate an approximate northeast flow direction, 
mimicking localized topography (Figure 3-18).  Similar to groundwater flow behavior in the 
vicinity of the impoundments north of I-10, groundwater flow on the peninsula south of I-10 
is as expected in that the water table normally mimics topography in a subdued manner in 
unconsolidated materials (Freeze and Cherry 1979). 
 

3.6.2.2 Subsurface Hydrogeology: Groundwater Characteristics  

Characteristics of groundwater observed beneath the impoundments north of I-10 and the 
area of investigation on the peninsula south of I-10 are described below. 
 

3.6.2.2.1 Groundwater Characteristics North of I-10 

Groundwater beneath the northern impoundments was evaluated to determine general 
water quality and hydrogeologic characteristics.  Two groundwater-bearing units (GWBUs), 
separated from one another by the Beaumont clay groundwater confining unit, were 
identified as a result of the northern impoundments groundwater study.  The GWBUs are 
termed herein as the alluvial GWBU (GWBU-A) from the land surface to the Beaumont clay, 
and the Beaumont clay/silt interface (GWBU-B) just below the lower extent of the clay 
within the Chicot Aquifer.   
 
TDS values, a primary indicator of overall groundwater quality, values were estimated by 
converting specific conductivity data to TDS data using the range of conversion factors 
provided by USEPA comments on the PSCR (i.e., 0.55 to 0.90), as well as the average of those 
two factors: 0.725.  The final (i.e., at the end of development and just prior to sampling) 
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calculated TDS concentrations ranged between 7,552 and 8,751 mg/L in GWBU-A using the 
factor of 0.55 and between 12,357 and 14,319 mg/L using the 0.90 factor.  Using the average 
of these two factors, TDS values ranged between 9,954 and 11,535 mg/L in GWBU-A.  
Detailed groundwater data, including data tables, and discussion are presented in 
Section 5.2.2.  As an additional qualitative measure of GWBU-A overall quality, it was 
determined that groundwater from GWBU-A is not used within 0.5 mile of the groundwater 
sampling locations in a manner resulting in human or ecological exposure. 
 
For groundwater in GWBU-B, TDS concentrations ranged between 1,733 and 9,521 mg/L 
using the 0.55 factor, 2,835 and 15,579 mg/L using the 0.90 factor, and 2,284 and 12,550 mg/L 
using the average 0.725 factor.  Similar to GWBU-A groundwater, groundwater from 
GWBU-B is not used within 0.5 mile of the groundwater sampling locations in a manner 
resulting in human or ecological exposure. 
 
Additional supporting data and discussion regarding groundwater quality are provided in 
Section 5.2.2. 
 

3.6.2.2.2 Groundwater Characteristics South of I-10 

Groundwater beneath the peninsula south of I-10 was similarly evaluated to determine 
general water quality and hydrogeologic characteristics.  One GWBU was identified as a 
result of the groundwater study south of I-10.  This GWBU is termed GWBU-A(s) and is 
similar to GWBU-A under the northern impoundments in that it is characterized by 
groundwater found in the shallow alluvium near land surface.  However, as hydraulic 
connectivity has not been demonstrated between GWBU-A north of I-10 and the GWBU 
south of I-10, the latter is differentiated for purposes of this RI Report as GWBU-A(s).   
 
TDS values in GWBU-A(s) were 2,730 mg/L in SJMW001, 1,550 mg/L in SJMW002, and 
5,040 mg/L in SJMW003.  Detailed groundwater data and discussion of groundwater quality 
are presented in Section 6.2.2, along with corresponding data tables.  As an additional 
qualitative measure of GWBU-A(s) overall quality, it was determined that groundwater from 
GWBU-A(s) is not used within 0.5 mile of the groundwater sampling locations in a manner 
resulting in human or ecological exposure. 
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Additional supporting data and discussion regarding groundwater quality in the area of 
investigation on the peninsula south of I-10 are provided in Section 6.2.2. 
 

3.7 Land Use and Demographics 

Current land use surrounding USEPA’s Preliminary Site Perimeter includes mixed residential 
and industrial uses to the west, and undeveloped or residential areas to the east and north of 
USEPA’s Preliminary Site Perimeter.  Immediately south of USEPA’s Preliminary Site 
Perimeter is commercial/industrial land use.  According to the U.S. Census Bureau,8 the 
estimated population of Harris County was 3,984,349 people in 2008, with 8.8 percent of the 
population under 5 years of age, 28.7 percent under age 18, and 7.9 percent over 65 years old.  
Of the population age 5 years and older, an estimated 47.8 percent were living in the same 
house in 1995 and in 2000.   
 
The San Jacinto River along with nearby Upper Galveston Bay, Tabbs Bay, and the San 
Jacinto State Park have “many points of public access and support both recreational and 
subsistence fishing activities” (TDSHS 2005a).  However, published information on the 
intensity and types of recreational activities as well as fish and shellfish harvesting activities 
within the immediate vicinity of USEPA’s Preliminary Site Perimeter is limited, with data 
consisting primarily of general creel surveys for the greater Houston area by the Texas 
Department of Parks and Wildlife.  A summary of available information on these and other 
uses is discussed below.  
 

3.7.1 Land Use 

The San Jacinto River watershed is one of several larger watersheds in the greater Houston 
area and encompasses nearly 4,000 square miles (Figure 3-19).  Within this large area, which 
extends more than 80 miles north of USEPA’s Preliminary Site Perimeter, the land type 
varies from farmland, parks, and undeveloped lands to urban and industrial areas.  The land 
use types in the area surrounding USEPA’s Preliminary Site Perimeter are shown in 
Figure 3-20 and are described within the appropriate sub-basin mapped within the San 
Jacinto watershed.  Three sub-basins defined within the larger San Jacinto watershed are in 
                                                 
8 http://quickfacts.census.gov/qfd/states/48/48201.html 
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the vicinity of USEPA’s Preliminary Site Perimeter: San Jacinto River Tidal, HSC, and 
HSC/San Jacinto River (Figure 3-19).  Within these areas, the land parcels closest to USEPA’s 
Preliminary Site Perimeter are predominantly commercial/industrial, followed by residential 
areas.  Moving farther from USEPA’s Preliminary Site Perimeter, the amount of residential 
land use increases, along with other land use categories not found in the immediate vicinity, 
such as undeveloped land, farms, parks, and lands listed as “other” (e.g., schools and 
hospitals).  Generally, development is more intense near the San Jacinto River and HSC in 
areas located to the south. 
 
Land uses upstream include industrial and municipal activities that may result in releases of 
dioxins and furans or other COPCs into the San Jacinto River upstream of USEPA’s 
Preliminary Site Perimeter.  Several facilities with discharge permits are located on lands 
upstream.  Others are located downstream of USEPA’s Preliminary Site Perimeter.  Several of 
the permitted facilities discharging to water quality segment 1001 shown in Figure 3-21 and 
all points of stormwater or permitted outfalls are included.  These are discussed in greater 
detail in Section 5.4. 
 

3.7.2 Demographics 

USEPA’s Preliminary Site Perimeter is located in Houston suburb of Channelview in Harris 
County, Texas.  According to the 2007 census estimate, the City of Houston is the fourth 
largest city in the United States (USCB 2007).  In 2009, the City of Houston Planning and 
Development Department estimated Houston’s population as 2.2 million (CHPDD 2010).  
According to the 2000 census, the racial makeup of the city was a mixture of Caucasian, 
Hispanic, African American, and Asian at the time of the census.  The city has the third-
largest Hispanic and Vietnamese American populations in the United States (CHPDD 2009; 
Carter 2004).  Houston has the fourth highest foreign-born population in the United States 
(CHPDD 2009) at 28 percent.  In nine years (i.e., from 2000 to 2009), the Hispanic 
population in Houston increased from 37 to 42 percent (CHPDD 2009).  It is estimated that 
about 400,000 immigrants reside in the Houston area illegally (Hegstrom 2006). 
 
In 2007, the median household income in Houston was approximately $40,000 per year, 
which was below the national median household income level in the United States ($50,000) 
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(USCB 2007).  Approximately 22 percent of individuals and 18 percent of families living in 
Houston are living below the poverty line (USCB 2007).  In addition, 33 percent of people at 
least 16 years of age living in Houston were unemployed as of 2007(CHPDD 2009). 
 
In 2010, the population of Channelview, Texas was 38,289.  This represents an increase of 
26 percent in the population over a 6-year period.  The median age was younger than that of 
Harris County overall at 28 years.  Approximately 9.7 percent of the population was under 
5 years of age and 37.8 percent was under the age of 20 years.  The racial makeup of 
Channelview was similar to that of Harris County; however, the percentage of Hispanics in 
Channelview was greater at approximately 60 percent (USCB 2012).  The median household 
income and percentage of individuals and families with incomes below poverty level for 
1 year or longer from 2005 to 2010 in Channelview was comparable to Houston’s.   
 
At the time of the 2010 census, the population of Harris County overall, which includes 
Houston and Channelview, was 4,092,459, with 8.2 percent of the population under 5 years 
of age and 30.8 percent under age 20.  Approximately 57 percent of the population was 
Caucasian, 19 percent was African-American, 6 percent was Asian, with the remainder made 
up of individuals of another race or mixed race.  Approximately 40 percent of individuals 
were Hispanic.  The median household income was $51,000.  Approximately 17 percent of 
individuals and 14 percent of families had incomes below the national poverty level for 
1 year or longer during the period from 2005 to 2010 (USCB 2012).   
 

3.7.3 Harvesting Shellfish and Fish 

Commercial and recreational fishing activity occurs throughout Galveston Bay.  Within 
USEPA’s Preliminary Site Perimeter, fishing is known to occur, but the amount and 
frequency of fishing has not been determined.   
 
Consumption of molluscs and shellfish (clams, mussels, and oysters) taken from public fresh 
waters is prohibited by TDSHS.  Within public salt waters, these shellfish may be taken only 
from waters approved by TDSHS.  TDSHS shellfish harvest maps9 designate approved or 

                                                 
9 http://www.dshs.state.tx.us/seafood/classification.shtm#maps 



 
 
  Environmental Setting 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 3-27 090557-01 

conditionally approved harvest areas.  Waters within USEPA’s Preliminary Site Perimeter 
are not included on these maps (TPWD 2009). 
 

3.7.4 Other Recreational Activities 

Although the lands within USEPA’s Preliminary Site Perimeter are private, points of access 
available to the public occur along and within USEPA’s Preliminary Site Perimeter and allow 
for a variety of recreational activities including picnicking, swimming, nature walks, bird 
watching, wading, fishing, boating, water sports, and other shoreline uses.  In the area to the 
south of the I-10 Bridge on the west side of the river, children and adults have been reported 
to at times play along the shoreline, wade in the water, and fish.   
 

3.7.5 Potable Use of Surface Water  

There are no surface water intakes within 15 miles downstream of the northern 
impoundments or of the peninsula south of I-10 (TCEQ and USEPA 2006). 
 

3.8 Ecology and Habitats 

Descriptions of habitats, human activities, and ecosystems potentially at risk are provided in 
the RI/FS Work Plan and the BERA.  A summary of these descriptions is provided here. 
 

3.8.1 Habitats Overview 

USEPA’s Preliminary Site Perimeter is located in a low-gradient, tidal estuary near the 
confluence of the San Jacinto River and the HSC.  The surrounding area includes a mix of 
land uses, including two constructed reservoirs: Lynchburg Reservoir to the southeast and 
Lost Lake on the island in the center of the San Jacinto River west of Lynchburg Reservoir 
(Figure 3-22).  Upland, riparian, and aquatic habitats are present. 
 

3.8.2 Upland Habitats 

Upland natural habitat adjacent to the San Jacinto River in the vicinity of USEPA’s 
Preliminary Site Perimeter is generally low-lying, with little topographic variation, and 
consists primarily of clay and sand that supports forest communities of loblolly pine-
sweetgum, loblolly pine-shortleaf pine, water oak-elm, pecan-elm, and willow oak-blackgum 
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(TSHA 2009).  Upland natural habitat occurs along narrow sections of land on either side of 
the river, as well as on several small islands, to the north and south of I-10 and east of the 
northern impoundments.  Most of these islands are vegetated with a mixture of shrubs and 
trees, with fringing shallow waters.  These habitats could support mammals such as marsh 
rice rats and deer, which could migrate to the islands close to mainland areas, as well as 
passerines that could use the vegetated uplands for nesting and foraging, and shoreline birds 
such as sandpipers and herons that could wade and forage in the shallow areas adjacent to 
the islands.  
 
Uplands on the western edge of USEPA’s Preliminary Site Perimeter, north of I-10 are 
generally less densely developed than those across the river along the eastern side of 
USEPA’s Preliminary Site Perimeter, which is developed with a mix of residential and 
commercial land uses (Figure 3-20).  The I-10 freeway reduces the connectivity of habitats in 
the natural areas to the north and south of the highway.  On the peninsula to the south of 
I-10, most of the upland habitat is zoned for commercial or industrial use.  The upland 
vegetation present on the peninsula south of I-10 is primarily low-lying grasses, with a few 
shrubs and trees adjacent to the shoreline. 
 
There are no data describing wildlife uses of the upland portions of the area within USEPA’s 
Preliminary Site Perimeter.  Based on local wildlife lists and the types of habitat and land 
uses present within USEPA’s Preliminary Site Perimeter, it is reasonable to expect a suite of 
generalist terrestrial species that are not highly specialized in their habitat requirements and 
are adapted to moderate levels of disturbance (Integral 2012c).  Such species could include 
reptiles and amphibians (e.g., snakes, turtles), birds (e.g., starlings, pigeons), and mammals 
common to semi-urban environments (e.g., rodents, raccoons, and coyotes). 
 

3.8.3 Aquatic and Riparian Habitats 

Habitats on the northern portion of the area within USEPA’s Preliminary Site Perimeter 
include shallow and deep estuarine waters, and shoreline areas occupied by estuarine 
riparian vegetation.  Because the it is within an estuary, the salinity of the San Jacinto River 
in the vicinity of USEPA’s Preliminary Site Perimeter can be low at times (1 to 5 ppt; Clark 
et al. 1999); it was 2 to 12 ppt in a recent study (University of Houston and Parsons 2009).  
The in-water portion of the area within USEPA’s Preliminary Site Perimeter is unvegetated, 
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with a deep (20- to 30-foot) central channel and shallow (3 feet or less) sides (NOAA 1995; 
Clark et al. 1999).  Except in the northern impoundments, sediments have a high sand 
content and are characterized by low organic matter content (0.5 and 2 percent TOC; 
Integral 2012c).  By contrast, most surface sediment samples collected within the northern 
impoundments ranged between 1 and 5 percent TOC, with the fraction consisting of sand 
ranging from 4 to 98 percent, and an average of about 50 percent sands. 
 
A sandy intertidal zone is present along the shoreline throughout much of USEPA’s 
Preliminary Site Perimeter (Figure 1-1).  Minimal habitat is present in the upland sand 
separation area located adjacent to the northern impoundments, because demolition and 
closure of this former industrial area created a denuded upland with a covering of crushed 
cement and sand.  The sandy shoreline of this area is littered with riprap, other metal debris, 
and piles of cement fragments.  Prior to implementation of the TCRA, estuarine riparian 
vegetation lined the upland area that runs parallel to and north of I-10.  As a result of the 
TCRA, that area now includes a dirt road.  The western cell of the impoundments north of 
I-10 had been occupied by estuarine riparian vegetation to the west of the central berm until 
the recent implementation of the TCRA, when the vegetation was removed (Figure 1-3).  
The eastern cell, also completely covered as a result of the TCRA, lies within intertidal and 
subtidal habitats. 
 
Throughout the broader surrounding area, there are approximately 55 additional acres of 
freshwater, estuarine, and marine wetlands (Figure 3-22).  A 2010 wetland delineation 
(BESI 2010) found an estimated 34 acres of estuarine and marine wetlands within USEPA’s 
Preliminary Site Perimeter (Figure 3-23).  Under baseline conditions, these included 
emergent intertidal wetlands in the 1966 perimeter of the impoundments north of I-10 and 
patchy, fringe wetlands around the northern impoundment margins and between the open 
water of the San Jacinto River and upland portions of the area within USEPA’s Preliminary 
Site Perimeter.  The vegetation associated with the estuarine intertidal wetland documented 
on the northern impoundments (Figure 3-23) is no longer present as a result of the TCRA 
(Figure 1-3), but could return over time.  Major vegetation associated with fringe wetland 
areas included broadleaf cattail, saltmeadow cordgrass, saltmarsh aster, and marsh elder. 
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Wetland habitats to the south of I-10 along the eastern side of the channel include a narrow 
stretch of vegetation along the shoreline and the shoreline habitats of three small islands 
south of I-10.  The vegetation on the islands mainly consists of shrubs and small trees.  
 
Available habitats support a variety of species, as detailed in the BERA (Integral 2012c).  The 
tidal portions of the San Jacinto River provide rearing, spawning, and adult habitat for a 
variety of fish and invertebrate species, including clams, oysters, flounder, and catfish.  
Aquatic birds and semiaquatic mammals that are found in the vicinity of USEPA’s 
Preliminary Site Perimeter include ducks, shorebirds, diving piscivores, marsh rice rats, 
nutrias, and raccoons.  The shrubs and small trees that overhang the waterline in the fringe 
wetland areas may also provide some shelter and in-water habitat structure for juvenile and 
baitfish.  Following a review of threatened and endangered or protected species that may be 
found in the vicinity of USEPA’s Preliminary Site Perimeter (Integral 2012c), it was 
determined that all had a low likelihood of exposure, due to either lack of utilization of the 
available habitat or the need for foraging ranges that are much larger than the foraging 
habitat within USEPA’s Preliminary Site Perimeter. 
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4 BACKGROUND CONCENTRATIONS OF COPCS 

Background datasets have been developed for soil, sediment, and tissue for this RI, consistent 
with the project SAPs (Integral and Anchor QEA 2010a; Integral 2010b, 2011c).  Planned 
analyses of background datasets were described in the RI/FS Work Plan (Anchor QEA and 
Integral 2010a) and discussed more specifically by the DQOs for each study in its respective 
SAP.  The PSCR (Integral and Anchor QEA 2012a) summarizes background data, and 
identifies data gaps in the background sediment and tissue datasets at the time of its submittal 
(Integral and Anchor QEA 2011c).  Additional sampling was conducted in the fall of 2011 to 
address these data gaps.   
 
This section provides the following: 

• A review of USEPA’s definitions of “background” and “reference area” applicable under 
CERCLA programs and the uses of background data in the RI/FS 

• A description of the final background datasets for sediment, soil, and tissue for this RI 
• Evaluation of background datasets for use in the RI/FS, including evaluation of outliers 
• A statistical analysis of background datasets to further describe the background condition 

and to compare it to conditions within USEPA’s Preliminary Site Perimeter. 
 
Additional background sampling in 2011 and evaluation of outliers in this section resulted in 
some changes to the summary statistics for background since they were initially presented in 
the PSCR.  In addition, the results of the outlier analysis presented in this section were used 
to derive exposure point concentrations (EPCs) for background exposures in the human 
health risk assessment (Integral 2013); details of the derivation of those EPCs is provided in 
the BHHRA, and are not discussed further in this document.  This section therefore provides 
an update to the description of background conditions provided in the PSCR.  
 

4.1 Definitions and Uses of Background in the RI/FS Process 

This section provides an overview or framework for consideration of background 
information in an RI/FS context, including definitions of background and reference concepts 
and related guidance for the use of such information. 
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4.1.1 Definition of Background 

The following USEPA guidance documents were reviewed to assist in providing a consistent 
set of definitions, as well as recommended uses, of background data in the RI/FS: 

• Role of Background in the CERCLA Cleanup Program (USEPA 2002a) 
• Guidance for Comparing Background and Chemical Concentrations in Soil for CERCLA 

Sites: Appendix B Policy Considerations for the Application of Background Data in Risk 
Assessment and Remedy Selection (USEPA 2002b) 

• Determination of Background Concentrations of Inorganics in Soils and Sediments at 
Hazardous Waste Sites (USEPA 1995). 

 
To achieve a consistent understanding of the background approach, the following definitions 
are provided in USEPA (2002a): 

• Background—“Substances present in the environment that are not influenced by releases 
from a site and are usually described as naturally occurring or anthropogenic. 

− Naturally occurring – substances present in the environment in forms that have 
not been influenced by human activity; and, 

− Anthropogenic – natural and human-made substances present in the environment 
as a result of human activities (not specifically related to the CERCLA site in 
question).” 

• Reference Area—“The area where background samples are collected for comparison with 
samples collected on site.  The reference area should have the same physical, chemical, 
geological, and biological characteristics as the site being investigated, but has not been 
affected by activities on the site…. Background reference areas are normally selected 
from off-site areas, but are not limited to natural areas undisturbed by human 
activities…” 

 
As described by USEPA (2002a), contamination at a CERCLA site may be due to releases 
from the CERCLA site itself, and from other sources, including natural and/or anthropogenic 
sources that are not related to the site under investigation.  Background conditions are 
evaluated in the RI because programs under CERCLA ordinarily do not remediate to 
concentrations below background, and risks related to background concentrations of COPCs 
should be evaluated (USEPA 2002a).   
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Background should also be considered in risk assessment and risk management at CERCLA 
sites (USEPA 2002a).  Consistent with this, the broad goal of a background evaluation in this 
RI Report is to estimate the concentrations of chemicals that would exist in environmental 
media located within USEPA’s Preliminary Site Perimeter in the absence of releases of 
COPCs from the source under investigation, or from other point sources of COCs or COPCs 
within USEPA’s Preliminary Site Perimeter.  In this way, background information supports 
the FS, in which remedial alternatives will be developed and evaluated in light of 
background chemical concentrations and potential chemical inputs to the conditions 
evaluated. 
 

4.1.2 Use of Background Data 

Several potential uses of background information have been identified for the RI/FS and 
were described in detail in the RI/FS Work Plan (Anchor QEA and Integral 2010a): 

• Risk characterization – Background conditions have been used for comparison in the 
baseline risk assessments (Integral 2012a,b; Appendix D).  Per USEPA (2002b), COPCs 
are those chemicals for which detected concentrations of COIs within USEPA’s 
Preliminary Site Perimeter exceeded screening levels, regardless of the magnitude of 
background concentrations.  USEPA policy recommends an approach for baseline risk 
assessments that involves addressing background risks at the end of the risk assessment 
process.  Specifically, USEPA (2002b) states that “the COPCs with high background 
concentrations should be discussed in the risk characterization, and if the data are 
available, the contribution of background to site concentrations should be distinguished.”  
The 95 percent upper confidence limit on the mean (95 UCL) of background 
concentrations is the primary background statistic providing the basis for risk 
characterization sections of the BHHRA and BERA.  

• Development of PRGs – Background values provide information that is relevant for risk 
management and establishing PRGs that will be evaluated in the FS.  For example, if a 
risk-based threshold for a given COC in sediment is lower than the background 
concentration, the PRG would likely be set no lower than background, assuming no 
attenuation of the background concentration.  Various statistical techniques are available 
to compare background concentrations with concentrations within USEPA’s Preliminary 
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Site Perimeter; all may be relevant in the context of PRG development.  PRGs for this 
project will be presented in the FS, and will be informed by background data and other 
information presented in this RI Report. 

• Cleanup area delineation – As part of the FS, cleanup areas will be defined.  One method 
for this is “hilltopping” or “knee of the curve” analysis, a process of identifying specific 
areas that must be remediated within a larger cleanup area to achieve a remediation goal 
(RG).  This method (more thoroughly described in the RA Memo; Anchor QEA 2012a) 
involves sequentially “removing” values from the dataset, beginning with the highest 
concentration and working downward, until the average concentration in the cleanup 
area reaches the RG.  In this exercise, a “replacement value” must be assumed for those 
stations that are “removed” in the process.  Use of a background value as the replacement 
value is one potential approach that could be employed in the FS process.   

• Remedy selection – Comparison of background concentrations with those for media from 
within USEPA’s Preliminary Site Perimeter may be relevant in the context of remedy 
selection to evaluate whether post-cleanup chemical concentrations would be similar to 
background or to evaluate the relative risk reduction among cleanup options. 

• Long-term monitoring post-remedy – Background values provide one possible metric for 
evaluating remedy performance based on long-term monitoring results after the remedy 
is implemented, including but not limited to areas where monitored natural attenuation 
is the selected remedy.   

• Cap material selection – Background levels such as the 95UCL or REV (explained in the 
next paragraph) could be among the criteria for selecting capping material. 
 

Depending on the specific use of background information, various statistical tools are 
available for background evaluations in the RI/FS context.  REVs are estimated using an 
upper percentile, or an upper tolerance limit (UTL).  REVs calculated as the UTL of 
background data can be applied in point-by-point comparisons of single concentrations 
measured within a site with the upper bound of the background concentration range 
(USEPA 2002d).  An REV can also be used to define a “not-to-exceed” value that can be used 
in establishing PRGs (Singh and Singh 2007).  Additional discussion of the derivation and use 
of the REV is provided by Integral (2011e). 
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The 95 UCL on the sample mean provides an upper-bound estimate for the range within 
which the true (unknown) population mean is likely to occur.  The 95 UCL can be used, for 
example, to compare an EPC for an area of interest within a site (estimated as the 95 UCL on 
the mean exposure concentration) with the 95 UCL for comparable exposure media from 
background areas.  Finally, where adequate data are available, parametric or non-parametric 
statistical hypothesis testing is the preferred approach for comparing concentrations from a 
site, or subareas of a site, with background concentrations. 
 
Due to the diversity of potential uses of background information in the RI/FS, and the similar 
diversity in how background information may be applied to serve these uses, the remainder 
of this section provides information on background conditions that can be used, where 
appropriate, elsewhere in the RI/FS process.  It includes the following:  

• Description of background datasets, including their statistical distributions  
• Evaluation of outlying values  
• Calculation of potentially applicable statistics (e.g., REVs).   
 
This information, while not intended to be comprehensive of all potential approaches to and 
applications of background information potentially relevant to the RI/FS process, provides a 
common foundation and context for describing regional background conditions in the 
vicinity of USEPA’s Preliminary Site Perimeter.   
 

4.2 Description of Background Datasets 

This section provides summary statistics calculated using the background datasets, providing 
foundational information for the evaluation of outliers, comparisons with conditions within 
USEPA’s Preliminary Site Perimeter, and calculation of EPCs for the incremental risk 
evaluation (presented in the BHHRA).  
 

4.2.1 Soil  

Sampling for the RI in the background areas for soil occurred at 20 stations, 10 locations in 
each of two background areas: Burnet Park (Figure 2-16) and I-10 Beltway 8 Green Space 
(Figure 2-17).  Samples were collected from 0- to 6-inch and 6- to 12-inch depths at each of 
the 20 sampling stations.  To the extent possible, samples were collected in an approximate 
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grid pattern at these locations.  Samples were analyzed for COIs identified in the RI/FS Work 
Plan, Appendix C (Anchor QEA and Integral 2010a) (Table 1-1).  Summary statistics for 
background area soils are given in Tables 4-1, 4-2, 4-3, and 4-4, and described below.   
 

4.2.1.1 Surface Soil 

TEQDF,M concentrations in background area surface soil samples (0 to 6 inches) ranges from 
0.4 to 23 ng/kg, with a mean TEQDF,M of 3.1 ng/kg (Table 4-1).  PCBs as Aroclors were not 
detected in background area surface soils (Table 4-2).  Of the VOCs in the COI list, only 
one—chloroform—was detected, and it was detected in 15 percent of samples (Table 4-2).  
The mean concentration is 0.12 µg/kg.  Half of the SVOCs in the COI list were not detected 
in background area surface soils (Table 4-2).  Where detected, most (71 percent) were 
detected in fewer than 35 percent of the samples.  Phenanthrene was the most commonly 
detected SVOC, and has a mean concentration of 62 µg/kg.  All COI metals were detected in 
background area surface soils, typically in all samples analyzed (Table 4-2). 
 

4.2.1.2 Subsurface Soil 

The mean TEQDF,M concentration in background area subsurface soil samples (6 to 12 inches) 
is 1.7 ng/kg (Table 4-3), lower than the mean observed in surface soils.  TEQDF,M 
concentrations range from 0.1 to 16 ng/kg.  As observed for the surface soils, PCBs as 
Aroclors were not detected in subsurface soils (Table 4-4).  Chloroform was the only VOC 
detected in subsurface soils, and it was detected in 5 percent of samples (Table 4-4).  The 
mean concentration (0.08 µg/kg) is below that found in surface soils.  With the exception of 
acenaphthene, SVOC detection frequencies in subsurface soils are equal to or less than those 
found in surface soils (Table 4-4).  In all cases, mean and maximum concentrations are lower 
in subsurface soils than in surface soils.  Phenanthrene was still the most commonly detected 
SVOC.  All COI metals were detected in background area subsurface soils (Table 4-4).  Mean 
subsurface soils metals concentrations tend to be comparable to or lower than surface soil 
concentrations, with the exception of aluminum, which is noticeably higher in subsurface 
soils.   
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4.2.2 Sediment 

Consistent with the Sediment SAP, the background samples collected for the RI include 
surface sediments (0 to 6 inches) collected in 2010 from 19 stations upstream and outside of 
USEPA’s Preliminary Site Perimeter, both within the subtidal zone (11 stations) and in the 
intertidal zone (8 stations).  Following a determination that representation of dioxins and 
furans in background sediments was likely biased low because of differences in the GSD in 
the 2010 background sediments relative to sediments within USEPA’s Preliminary Site 
Perimeter (Integral and Anchor QEA 2011a), an additional 10 subtidal samples were 
collected upstream in October 2011 (Integral and Anchor QEA 2012c).  All of the upstream 
sediment sampling locations are shown in Figure 2-3.  Collection of subsurface sediment 
samples in the upstream reference area was not planned in the SAP, and therefore there are 
no subsurface sediment samples in this dataset.   
 
Background area surface sediment TEQDF,M concentrations range from 0.108 to 6.54 ng/kg 
(Table 4-5), with a mean of 1.17 ng/kg.  Aroclors were not detected in background surface 
sediment; detection frequencies for dioxin-like PCB congeners in background sediments 
range from 0 to 55 percent (Table 4-6).  TEQP,M concentrations range from 0.09 to 0.6 ng/kg, 
with a mean of 0.25 ng/kg.  Of the COPC SVOCs, only bis(2-ethylhexyl)phthalate (BEHP) 
was ever detected, and then in only 5 percent of samples (Table 4-6).  Mean BEHP 
concentration in surface sediment is 11.2 µg/kg.  All COPC metals except thallium were 
detected in at least 53 percent of background surface sediments (Table 4-6); thallium was 
never detected.   
 

4.2.3 Tissue 

As described in the Tissue SAP, tissue samples were collected from background areas during 
the 2010 tissue study as follows: composites of crab and catfish were collected from Cedar 
Bayou (Figures 2-20 and 2-21), and clam and killifish were collected along two sections of 
shoreline upstream of USEPA’s Preliminary Site Perimeter (Figure 2-7).  For catfish and crab, 
both edible tissue and whole bodies were collected to support human health and ecological 
risk assessments, respectively.  Following a determination that representation of dioxins and 
furans in background edible catfish and crab tissues was likely biased low because Cedar 
Bayou was not representative of the general background condition (Integral 2011b), an 
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additional 10 composite samples of catfish fillet and 10 composite samples of edible crab were 
collected in October 2011 south of the Fred Hartman Bridge near Baytown, Texas (Integral 
2011b) (Figures 2-9 and 2-19).  These additional samples were analyzed for only dioxins and 
furans and percent lipids.  
 

4.2.3.1 Blue Crab 

The mean concentration of TEQDF,M in edible blue crab tissue samples is 0.157 ng/kg 
(Table 4-7).  The majority of congeners were not detected.  Mean TEQDF,M in whole crab 
tissue (0.163 ng/kg) is very similar to edible crab, with the majority of congeners never 
detected (Table 4-8).  Several dioxin-like PCB congeners were detected in all or some of the 
blue crab edible tissue samples from Cedar Bayou (Table 4-9).  The mean TEQP,M in edible 
crab is 0.091 ng/kg.  PCB congeners were more frequently detected in whole crab tissue, 
with a mean of 0.12 ng/kg TEQP,M and total PCBs (as the sum of all congeners) was about 
3 times as great as that in edible tissues (Table 4-10).   
 
BEHP was reported because it was the only SVOC among the COPCs that is considered 
bioaccumulative.  Results are presented for both edible (Table 4-9) and whole-body tissues 
(Table 4-10); BEHP was never detected in background crab samples.   
 
With the exception of nickel, which was not detected, all COPC metals were detected at 
least 90 percent of the time in edible blue crab tissue (Table 4-9).  All COPC metals were 
detected in all three whole-body blue crab tissues (Table 4-10).  The majority of metals 
(especially magnesium, manganese, aluminum, and barium) have higher mean 
concentrations in the whole-body tissue than in the edible tissue.  Zinc and to a lesser extent 
mercury have lower mean concentrations in whole-body tissue than in the edible tissue.   
 

4.2.3.2 Hardhead Catfish 

Among the 20 composite samples of hardhead catfish fillet from background areas, the mean 
TEQDF, M is 0.87 ng/kg (Table 4-11) and the maximum is 4.97 ng/kg.  Most congeners had at 
least occasional detections in the tissue samples.  Mean TEQDF, M for the eight whole catfish 
composites collected in Cedar Bayou, at 2.2 ng/kg, is higher than the mean for fillet 
(Table 4-12).   
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All PCB congeners were detected in edible hardhead catfish tissue collected from Cedar 
Bayou (Table 4-13).  Mean TEQP,M is 0.98 ng/kg higher than the mean TEQDF, M.  All dioxin-
like PCB congeners were also detected in whole catfish (Table 4-14).  Mean TEQP,M is 
2.7 ng/kg in whole catfish from Cedar Bayou, slightly higher than the mean TEQDF,M in the 
same samples.  
 
BEHP was the only SVOC analyzed in hardhead catfish fillet tissue from background areas 
because the other SVOCs on the COPC list are not considered bioaccumulative.  Results for 
edible and whole-body samples are summarized in Tables 4-13 and 4-14, respectively; BEHP 
was never detected in background catfish tissue.   
 
All COPC metals except chromium were detected in hardhead catfish fillet samples from 
Cedar Bayou (Table 4-13).  The most frequently detected metals are aluminum, arsenic, 
barium, cobalt, magnesium, manganese, mercury, and zinc, which were detected in all 
samples.  All COPC metals were detected, and generally at higher frequencies, in whole-
body tissue samples (Table 4-14).  Mean metals concentrations are higher in whole-body 
tissue samples than in edible tissue samples, except for copper and mercury, which are 
slightly lower. 
 

4.2.3.3 Common Rangia 

Whole clam (common Rangia) tissue composite samples were collected from upstream 
background areas, at Transect 7 and Transect 8 (Figure 2-7).  Clams were allowed to depurate 
the sand in their guts prior to being composited for chemical analysis.  The mean TEQDF,M 
concentration in clams collected from the upstream background area is 0.36 ng/kg 
(Table 4-15), about twice the concentration measured in edible crab tissue.  The majority of 
congeners were not detected in clam tissue; TCDF was detected in 90 percent of samples and 
octachlorinated dibenzo-p-dioxin (OCDD) was detected in all background clam tissue 
samples.  Most of the dioxin-like PCB congeners were detected in 40 percent or more of 
background clam tissue samples.  The mean TEQP,M is 0.18 ng/kg (Table 4-16), about half of 
the TEQDF,M in this tissue type from the same area and twice the TEQP,M in edible crab.  None 
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of the SVOCs were detected in clam tissues (Table 4-16).  All COPC metals were detected in 
all clam samples (Table 4-16). 
 

4.2.3.4 Gulf Killifish 

Consistent with the Tissue SAP, eight whole Gulf killifish composite samples were collected 
from the same upstream background areas as the clams, at Transect 7 and Transect 8 
(Figure 2-7).  The mean TEQDF,M in whole Gulf killifish samples from background is 
0.13 ng/kg (Table 4-17).  Most dioxin and furan congeners, including 2,3,7,8-TCDD, were 
never detected.  OCDD and 2,3,7,8-TCDF were detected in 50 and 25 percent of background 
Gulf killifish samples, respectively.  Mean TEQP,M is 0.30 ng/kg, with most congeners 
detected in at least 63 percent of samples (Table 4-18).  Phenol, the only SVOC detected, 
occurred in all Gulf killifish tissue samples, with a mean concentration of 46 µg/kg 
(Table 4-18).  All COPC metals were detected in Gulf killifish tissue, although cadmium was 
detected in just 13 percent of samples (Table 4-18). 
 

4.3 Outlier Analysis 

Developing an appropriate background dataset requires evaluation to ensure that the data do 
not include samples that are not representative of the background conditions of interest.  In 
many background evaluations, it is assumed that an appropriate background dataset should 
consist of a single statistical population that represents natural background conditions (i.e., 
samples obtained from a reference area that has not been influenced by releases from the site 
under investigation or other known point sources).  In practice, however, and particularly in 
instances when sites are located in regionally developed areas, background areas that closely 
match the site under investigation in terms of sediment characteristics may not be present.  
Background datasets obtained from settings characterized by variability in physical and 
chemical conditions, such as rivers and estuaries or areas influenced by local point sources 
(e.g., stormwater or permitted outfalls) and diverse nonpoint sources of chemicals 
(e.g., atmospheric deposition and nonpoint-source runoff), cannot be assumed to represent a 
single population.  In such cases, several different background locations that together cover 
the range of sediment conditions at the site under investigation may be sampled, and the 
resulting background dataset may consist of multiple populations, and include biasing 
outliers.   
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The ProUCL Technical Guide (Singh and Singh 2007) recognizes that this type of complexity 
may exist in many CERCLA contexts and supports the use of professional judgment in the 
identification and disposition of outliers.  This section presents statistical analyses to identify 
outliers, and discusses data management steps resulting from their identification.  Once 
outliers have been identified, subsequent sections present analyses to support final REVs for 
comparison of chemical concentrations within USEPA’s Preliminary Site Perimeter with 
those from background areas sampled for this RI.  The outlier analysis also affects the 
calculation of EPCs for the BHHRA; related calculations and results are presented in the 
BHHRA.10 
 

4.3.1 Analytical Approach 

Consistent with USEPA (2002b) guidance, statistical outliers can only be defined if the 
reference data are drawn from a single population and fit a parametric distribution.  Thus, to 
support decisions about the disposition of outliers in the RI/FS background dataset, outlier 
identification was performed in two steps:  1) identification of potential outliers using 
descriptive and graphical tools, and 2) further investigation of all potential outliers using the 
Grubbs test for datasets meeting the assumption of normality.   
 
To statistically test the presence of outliers in the background datasets, the following steps 
were undertaken for each analyte and matrix: 

• Remove high-biasing nondetects (censored values exceeding the highest detected 
concentration) 

• Determine whether the data fit a parametric distribution (normal or lognormal). 
 
If the data do not fit a normal or lognormal distribution, no outliers can be defined, and 
outlier tests cannot be performed.  If the data fit a normal or lognormal distribution, a 

                                                 
10 Although the BERA was completed prior to performance of this outlier analysis, the results of the outlier 
analysis would not affect calculations or conclusions of the BERA.  The only COPEC that was both addressed by 
the BERA and had outliers among relevant background media was TEQDF,M in whole catfish.  There was a low 
outlier in this dataset (Table 4-24).  There were no results in the BERA that required comparisons to 
background of whole fish tissue, or comparisons to background of the estimated daily ingested doses to species 
expected to eat whole catfish.  
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Grubbs outlier test was performed. For this analysis, aggregate variables (e.g., total PCBs. 
TEQDF,M) were calculated three ways: assuming that the concentration of any chemical not 
detected (ND) was equal to zero (ND = 0), was equal to one-half DL (ND = 1/2DL), and was 
equal to the DL (ND = DL). The outlier evaluation was done using each of these three 
methods for estimating censored data to be sure that all possible outliers were identified in 
the analysis. 
 
In its most generic form, the Grubbs test can detect only one outlier at a time, so it was 
applied by testing for one outlier at a time.  An initial outlier test was performed on the full 
dataset for each analyte and matrix.  If an outlier was detected, it was removed from the 
dataset.  The test was then repeated on the remaining data and subsequently detected outliers 
were removed one-by-one until no more outliers remained.  The overall test framework was 
designed to dynamically adjust the α-level based on the number of outliers that were tested 
(i.e., αtest = 0.05 / [number of outliers found]) to control the inflation in experiment-wise 
Type I error rates stemming from the repeated application of the hypothesis test. 
 

4.3.2 Soil 

The concentration data for most metals and TEQDF,M in background soils, both surface and 
subsurface, fit the assumptions of the Grubbs parametric outlier test.  Copper concentrations 
in surface soil and antimony, arsenic, silver, thallium, and TEQDF,M in subsurface soil samples 
each tested positive for high outlying values; there was also a low outlier for thallium.  The 
results of the distribution evaluation and outlier tests for each COI in each depth interval of 
the background soil stations are presented in Table 4-19.   
 

4.3.3 Sediment  

All background sediment samples were collected from the 0- to 6-inch depth interval only.  
Concentrations of metals and of TEQDF,M, and TEQP,M (and related parameters) in the 
background sediment dataset also fit the shape of a normal or lognormal distribution.  The 
Grubbs outlier test was carried out on these COPCs and no high or low outliers were 
identified.  The results of the distribution evaluation and outlier tests for each COPC in the 
background sediment samples are presented in Table 4-20.   
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4.3.4 Tissue 

Outlier tests were undertaken for each species and tissue type separately using the same 
testing framework described above for soils and sediments. 
 

4.3.4.1 Blue Crab 

In the background edible crab dataset, concentrations of metals, TEQDF,M and TEQP,M (and 
related parameters), and total PCBs fit the shape of a normal or lognormal distribution.  High 
outliers (one each) were identified in the cadmium, mercury, and TEQP,M concentrations 
measured in background edible blue crab tissue (Table 4-21).  Outlier tests could not be 
performed for concentrations of COPCs in whole-body crab data because there were 
insufficient data (only nine samples were collected) (Table 4-22). 
 

4.3.4.2 Hardhead Catfish 

In the background hardhead catfish fillet dataset, concentrations of metals, TEQDF,M, TEQP,M, 
TEQDFP,M, and total PCBs with nondetects set to zero or set to one-half the detection limit fit 
the shape of a normal or lognormal distribution.  Concentrations of aluminum, barium, lead, 
and nickel each had one high outlier in the catfish fillet background data dataset 
(Table 4-23).  Concentrations of TEQDFP,M calculated with nondetects set to zero had one high 
outlier (Table 4-23).   
 
In the whole-body hardhead catfish background dataset (Table 4-24), concentrations of 
metals, TEQDF,M and TEQP,M (and related parameters), and total PCBs fit the normal or 
lognormal distributions.  The whole-body hardhead catfish dataset for TEQDF,M had one low 
outlying value.  Aluminum, barium, and mercury had high outlier concentrations 
(Table 4-24).  The dataset for TEQDF,M with nondetects set to one-half the detection limit or 
set to zero in whole hardhead catfish had low outliers.  The data for the remaining COPCs 
had no outliers or did not fit a parametric distribution. 
 

4.3.4.3 Common Rangia 

As for the other tissues, concentrations of metals, TEQDF,M and TEQP,M (and related 
parameters), and total PCBs in the background clam tissue data fit the shape of a normal or 
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lognormal distribution.  The results of the distribution evaluation and outlier tests for each 
COPC in the background clam samples are presented in Table 4-25.  One high outlier was 
detected for chromium and one low outlier each for magnesium and zinc in edible clam 
tissue were detected (Table 4-25).  TEQDF,M with nondetects set to one-half the detection 
limit or set to zero had one low outlier. 
 

4.3.4.4 Gulf Killifish 

All of the analytes considered in the outlier analyses for the background killifish data fit the 
shape of a normal or lognormal distribution.  Concentrations of cadmium and lead each had 
one high outlier, while zinc data had one statistically significant low outlier (Table 4-26).  
There were no outliers in the background data for the remaining COPCs in Gulf killifish. 
 

4.3.5 Application of Outlier Analysis Results 

The results of the distribution tests indicate that some of the background data are not 
characterized by standard distributions with parameterizable shapes.  This is expected for 
background data drawn from multiple locations within a dynamic and complex 
environment.  For those analytes and media for which the data could be modeled by a 
normal or lognormal probability distribution, statistical outlier tests indicated that a few data 
points could be classified as true outliers. 
 
In recognition of the results of these outlier analyses and distribution evaluations and 
consistent with USEPA (2002b) guidance, statistical outliers were treated as follows: 

• Outliers were removed for data evaluations relying on parametric tests, statistics, or 
distribution parameters, for example calculation of means, 95 UCLs, and REVs for 
parametric data. 

• Outliers were not removed for non-parametric data evaluations, for example Mann-
Whitney-Wilcoxon tests and calculation of medians, quantiles, and REVs for non-
parametric data. 
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4.4 Reference Envelope Values 

USEPA (2002b) guidance provides for the use of tolerance limits on the background area data 
to define a threshold for comparisons of individual stations or samples.  Such comparisons 
allow determination of whether the concentration of a chemical in an individual sample is or 
is not consistent with the background condition.  Although this approach is not the only 
statistical means of drawing comparisons with background, nor is it always the most 
appropriate, it provides a simple metric that may be very useful in the evaluation of remedial 
alternatives.  
 
For this project, the UTL on background data is called the REV, and its derivation and use 
are discussed in the memorandum Data Interpretation Methods for the San Jacinto River 
Waste Pits RI/FS (Integral 2011e).  As described in the Soil, Sediment, and Tissue SAPs, the 
REV was calculated for chemical parameters in each of these media using a method 
consistent with USEPA (2002b) guidance.  The statistical representation of the REV is a one-
sided UTL on an upper percentile of the background data, derived to characterize 
background conditions for sediment and tissue, for each COPC, and for soil, for each COI.  
Tolerance intervals are a type of statistical interval that defines the limits within which a 
certain proportion of a population falls, given a predetermined confidence level.  Tolerance 
intervals are constructed based upon finite samples of the population, but represent 
asymptotic statistical limits.  As a result, tolerance limits may exceed the minimum and 
maximum value observed within the dataset.  Insofar as the sample is representative of the 
population and the shape of the sample distribution has been determined, UTLs represent the 
maximum concentration that could be present considering all relevant sources of variation at 
a known probability.  Additional discussion of the REV and its uses is provided elsewhere 
(Integral 2010b).  
 
In the calculation of REVs presented below, the 95 percent UTL for the 95th percentile was 
used.  The resulting comparison would indicate, for an individual sample with a 
concentration greater than the REV, that there is at least a 95 percent chance (α = 0.05) that 
the concentration in the sample is greater than expected for the highest 5 percent of all 
background. 
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Data included in the calculations of the REV for each matrix (i.e., sediment, soil, tissue) were 
those generated by the background sampling as described in the corresponding SAPs for each 
medium.  REVs were calculated for and presented in the PSCR.  Since that document was 
submitted, additional data have been collected for dioxins and furans in sediment, edible 
crab, and catfish fillet.  Also, in their comments on the draft PSCR, USEPA required an 
analysis of outliers in background data (Appendix I of Integral and Anchor QEA 2012a).  In 
parametric datasets, statistical outliers were identified by the outlier analysis (presented 
above) and were removed prior to the calculation of the REV (in non-parametric datasets, 
outlier tests cannot be performed).  Identification and removal of outliers changes some 
REVs relative to those reported in the PSCR.  Therefore, REVs presented in the PSCR 
(Integral and Anchor QEA 2012a) are updated here to include new data collected for dioxin 
and furans in sediment, edible crab, and edible catfish, as well as to reflect the results of the 
statistical outlier analyses presented in Section 4.3.  

 
The amount and usage of data for each matrix is described in the following sections.  For this 
analysis, high-biasing nondetects (i.e., a nondetect concentration exceeding the highest 
detected concentration) were removed prior to performing calculations.  Where the value of 
N reported in tables is different from the number of stations available, one or more samples 
had a nondetect greater than the highest detected value, or a high-biasing nondetect.  
 
The updated REVs are presented in the following tables: 

• Table 4-27 – Surface and subsurface soils 
• Table 4-28 – Surface sediment 
• Table 4-29 – Edible blue crab 
• Table 4-30 – Hardhead catfish fillet 
• Table 4-31 – Whole catfish 
• Table 4-32 – Whole clam 
• Table 4-33 – Whole killifish. 
 
The REVs reported in the final PSCR for whole blue crab were not updated because there 
were no new data and no outliers; the REVs for whole crab from the PSCR are included here 
for completeness (Table 4-34). 
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4.5 Comparisons to Background 

The information collected from background locations is intended to provide context for the 
evaluations of the nature and extent of COCs and COPCs, exposure, and risk within USEPA’s 
Preliminary Site Perimeter, and to support development of PRGs and other elements of the 
FS.  Areas in the vicinity of USEPA’s Preliminary Site Perimeter and potentially subject to 
the same types of regional and atmospheric influences as the area within USEPA’s 
Preliminary Site Perimeter itself (e.g., traffic on freeways) are relevant for assessing 
conditions that could occur as a result of processes other than those that may be related to 
transfer of or exposure to materials from paper mill wastes deposited in the impoundments. 
 
In support of this objective and consistent with USEPA (2002b) guidance, the concentrations 
of COPCs in samples collected from within USEPA’s Preliminary Site Perimeter were 
compared to those in samples from background areas using two approaches: 

• Point-by-point comparisons of concentrations of chemicals in each sample with the REVs 
to investigate the potential presence of localized exceedances  

• Pair-wise tests to statistically compare the data for the area within USEPA’s Preliminary 
Site Perimeter and background datasets as a whole. 

 
Comparisons of individual samples to the REVs are discussed in this section, and presented in 
figures in Section 5 showing the spatial distribution of each COC in media within USEPA’s 
Preliminary Site Perimeter. 
 
The pair-wise comparisons between samples collected for the RI within USEPA’s 
Preliminary Site Perimeter and those from background areas were performed separately for 
each sample matrix, sample depth (for soil), analyte, species, and tissue type using a one-
sided Mann-Whitney-Wilcoxon rank sum (MWW) test.  The MWW tests are more 
appropriate for comparing two entire distributions of data.  Comparisons using these MWW 
tests are made on the basis of the entire distribution of data for each COPC in each matrix 
type between datasets for the area within USEPA’s Preliminary Site Perimeter and the 
background datasets. Conforming to the framework presented by USEPA (2002b), the null 
hypothesis was that median concentrations of samples from within USEPA’s Preliminary Site 
Perimeter were less than or equal to those of the corresponding background area.  This null 
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hypothesis was rejected if there was less than a 5 percent chance of observing the actual data 
if the null hypothesis were true (p = 0.05).  Conclusions drawn from these MWW tests 
pertain to the central tendency of the data for the area within USEPA’s Preliminary Site 
Perimeter relative to the background area rather than to individual data points. 
 

4.5.1 Soil 

Comparison of COPC concentrations in soils from within USEPA’s Preliminary Site 
Perimeter to those from background areas was described in the DQOs for the soil study, in 
the Soil SAP (Integral 2011c).  For consistency with the approach used for sediment and 
tissue comparisons, the complete dataset for surface soils north and south of I-10 was 
compared to the data for background surface soils, and subsurface soils from within USEPA’s 
Preliminary Site Perimeter were compared only to background subsurface soils.  Results of 
these comparisons are summarized in Table 4-27.  Soil REVs presented here (Table 4-27) are 
updates to those presented in the PSCR and reflect results of the outlier analysis. 
 
In MWW comparisons, BEHP and TEQDF,M values are significantly higher in surface and 
subsurface soils collected from within USEPA’s Preliminary Site Perimeter than in soils from 
background.  In addition, carbazole, thallium, and zinc concentrations are higher within 
USEPA’s Preliminary Site Perimeter than in background, even though none of the carbazole 
concentrations within USEPA’s Preliminary Site Perimeter exceed the REV.  
 

4.5.2 Surface Sediment  

Only surface sediments from within USEPA’s Preliminary Site Perimeter were compared to 
background because the background dataset is made up of samples only from the 0- to 6-inch 
depth interval.  Surface sediments from within USEPA’s Preliminary Site Perimeter used in 
this analysis are all of those with an upper depth of 0 inches.  Results of comparisons of 
concentrations of COPCs in sediment from within USEPA’s Preliminary Site Perimeter to 
those from background are presented in Table 4-28.  In MWW comparisons, concentrations 
of all COPCs except carbazole and thallium are significantly higher in surface sediments 
within USEPA’s Preliminary Site Perimeter than in background surface sediment samples.  
Phenol was never detected in samples from within USEPA’s Preliminary Site Perimeter.  
Areas within USEPA’s Preliminary Site Perimeter where surface sediment concentrations 
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exceed the REV for TEQDF,M are shown in Figure 4-1a.  These areas that exceed the REV for 
TEQDF,M are also shown in comparison to interpolated values of TOC and percent fines in 
Figures 4-1b and 4-1c, respectively. 
 

4.5.3 Tissue 

The DQOs outlined in the Tissue SAP specify a comparison of samples from within USEPA’s 
Preliminary Site Perimeter and background data if potential risks to hypothetical human or 
ecological receptors are higher than the thresholds considered acceptable by USEPA.  The 
risk assessment for aquatic and aquatic-associated ecological receptors and humans are 
presented in the BERA for the area north of I-10 and aquatic environment (Integral 2012c) 
and BHHRA (Integral 2013).  The following simple comparisons of data for samples from 
within USEPA’s Preliminary Site Perimeter and background data are included to update 
those presented in the PSCR (Integral and Anchor QEA 2012a).  These comparisons provide 
perspective on concentrations of COPCs in tissue from within USEPA’s Preliminary Site 
Perimeter that are higher than those of background, as well as those that are not at all 
higher, or are not consistently higher, within USEPA’s Preliminary Site Perimeter than 
background.  Because fish and crabs are mobile and may move in and out of USEPA’s 
Preliminary Site Perimeter, the presence of COPCs in samples of fish and crab collected from 
within USEPA’s Preliminary Site Perimeter does not mean that the COPCs came from the 
source under investigation since a number of sources of COPCs exist both within and outside 
USEPA’s Preliminary Site Perimeter. Additional details including specific sources are 
provided in Section 5.4. 
 

4.5.3.1 Blue Crab 

REVs for edible crab were presented in the PSCR.  These REVs are updated here with data 
using the additional background samples collected in 2011, and to reflect results of the 
outlier analysis (Table 4-29). 
 
Comparisons of concentrations of COPCs in edible crab tissue samples from within USEPA’s 
Preliminary Site Perimeter to those from background areas are presented in Table 4-29.  In 
MWW comparisons, concentrations of dioxins and furans, PCBs, barium, cadmium, copper, 
manganese, mercury, and zinc are significantly higher in edible crab tissue collected from 
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within USEPA’s Preliminary Site Perimeter than in edible crab collected in the Cedar Bayou 
background area.  Metals for which this was not the case include aluminum, arsenic, 
chromium, cobalt, lead, magnesium, and vanadium.  Nickel and BEHP were never detected 
in samples from within USEPA’s Preliminary Site Perimeter.  Background comparisons for 
whole crab are presented in Table 4-34, and results are similar to results for edible tissue.  In 
addition to dioxins and furans and PCBs, cadmium, copper, manganese, mercury, nickel, and 
vanadium concentrations are higher in whole crabs from locations within USEPA’s 
Preliminary Site Perimeter than in crabs from Cedar Bayou background.  
 
Differences in chemical concentrations in tissue of crab from within USEPA’s Preliminary 
Site Perimeter from those of background reflect the very low level of urban development in 
Cedar Bayou, where background blue crab samples were collected.  Moreover, crabs 
migrating to the upper San Jacinto River estuary from Galveston Bay traverse large 
developed areas and pass the confluence of the San Jacinto River with Buffalo Bayou, likely 
resulting in exposure to some chemicals, especially PCBs and including dioxins and furans.  
Finally, permitted wastewater outfalls within USEPA’s Preliminary Site Perimeter are likely 
sources of metals, PCBs, and dioxins to crab tissue, as described in Section 5.4.  Therefore 
differences between crab captured from within USEPA’s Preliminary Site Perimeter and 
those from background do not necessarily indicate exposures that occurred in connection 
with the northern impoundments or locations within USEPA’s Preliminary Site Perimeter.  
 

4.5.3.2 Hardhead Catfish  

Updated REVs for catfish fillet are presented in Table 4-30, along with comparisons of 
concentrations of COPCs in hardhead catfish fillet samples from within USEPA’s 
Preliminary Site Perimeter with those from background areas.  In the MWW comparisons, 
concentrations of PCBs, arsenic, barium, manganese, magnesium, nickel, and zinc are 
significantly higher in samples from within USEPA’s Preliminary Site Perimeter than in 
samples collected from the Cedar Bayou background area.  Concentrations of dioxins and 
furans as TEQDF,M are greater in hardhead catfish fillet within USEPA’s Preliminary Site 
Perimeter than in the background area that included Cedar Bayou and SJFCA5 (Figures 2-19 
and 2-20).  Metals for which this was not the case include aluminum, cadmium, chromium, 
cobalt, copper, lead, and mercury.  In whole hardhead catfish samples, differences between 
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concentrations in samples from within USEPA’s Preliminary Site Perimeter and those from 
background areas are very similar to the differences in catfish fillet tissue for TEQDF,M, PCBs, 
and most of the metals, with a handful of exceptions: chromium and copper are greater than 
background in the whole fish tissue from within USEPA’s Preliminary Site Perimeter 
(whereas they were not for the fillet), while magnesium and zinc in whole catfish are less 
than background (rather than above background, as was the case for the fillet).  Vanadium 
and BEHP were never detected in samples of edible hardhead catfish from within USEPA’s 
Preliminary Site Perimeter.   
 
As for blue crab tissue, differences in chemical concentrations in tissue of hardhead catfish 
captured from within USEPA’s Preliminary Site Perimeter and those of catfish from Cedar 
Bayou are not necessarily attributable to the wastes in the impoundments.  Catfish are likely 
to migrate through highly developed areas before they get to USEPA’s Preliminary Site 
Perimeter, but this is less likely for Cedar Bayou hardhead catfish.  Sources within USEPA’s 
Preliminary Site Perimeter other than the northern impoundments also contribute to 
exposures of fish to these chemicals.  
 

4.5.3.3 Common Rangia 

REVs for clam tissue presented in the PSCR were updated to incorporate the results of the 
outlier analysis.  Table 4-32 presents the MWW comparisons of concentrations of COPCs in 
edible clam samples from within USEPA’s Preliminary Site Perimeter to those from upstream 
background areas.  The MWW comparisons indicate that concentrations of dioxins and 
furans, PCBs, and a subset of metals including mercury were significantly higher in samples 
from within USEPA’s Preliminary Site Perimeter than in clams collected from the upstream 
background area.  Metals for which this is not the case include arsenic, barium, cobalt, 
magnesium, manganese, nickel, and zinc.  Carbazole and BEHP were never detected in 
samples from within USEPA’s Preliminary Site Perimeter.  
 

4.5.3.4 Gulf Killifish 

REVs for whole Gulf killifish tissue presented in the PSCR were updated to incorporate the 
results of the outlier analysis.  Table 4-33 presents the MWW comparisons of concentrations 
of COPCs between samples from within USEPA’s Preliminary Site Perimeter and 
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background samples of whole killifish tissue.  These pair-wise comparisons indicate that only 
concentrations of PCBs, phenol, and lead were significantly higher in samples captured 
within USEPA’s Preliminary Site Perimeter than in those from the upstream background 
area.  The significant difference in TEQDFP,M for Gulf killifish captured within USEPA’s 
Preliminary Site Perimeter relative to background killifish is likely due to the influence of 
PCBs: concentrations of TEQDF,M in Gulf killifish samples from within USEPA’s Preliminary 
Site Perimeter are not significantly different than those in Gulf killifish from background 
areas, but TEQP,M and total PCBs are significantly higher within USEPA’s Preliminary Site 
Perimeter than in background.  Carbazole and BEHP were never detected in Gulf killifish 
samples collected within USEPA’s Preliminary Site Perimeter.  
 

4.6 Background Data Analysis Conclusions 

A statistically robust outlier analysis identified very few high outliers and few low outliers in 
each medium type.  There is no consistent pattern of outliers for any COPC or medium to 
suggest that the background datasets for soil, sediment, or tissue developed for the RI do not 
provide a valid representation of background conditions.  Distributions of the data for several 
COPCs were non-parametric, and therefore could not be evaluated for outliers, but this was 
not the case for dioxins and furans or TEQDF,M, the indicator chemical group, except in edible 
crab tissue.  In whole crab tissue, there were too few background samples for the outlier 
analysis. 
 
Comparisons of COPC concentrations in surface sediment, surface soils, and edible blue crab 
and hardhead catfish fillet indicate that TEQDF,M and several metals are higher in samples 
collected within USEPA’s Preliminary Site Perimeter than in background areas.  Among 
these, TEQP,M and total PCBs are consistently above the Cedar Bayou background tissue 
concentrations.  In contrast, metals that are higher in tissue samples from locations within 
USEPA’s Preliminary Site Perimeter than in background tissue are not consistently higher in 
all tissue types.  Dioxin-like PCB congeners were detected with greater frequency in 
background common Rangia clams and Gulf killifish tissues than were dioxin and furan 
congeners in these tissue types. 
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Mercury concentrations in both hardhead catfish fillet and whole hardhead catfish from 
within USEPA’s Preliminary Site Perimeter were not different than those in hardhead 
catfish collected from Cedar Bayou background areas; but in edible blue crab, mercury was 
higher in samples from within USEPA’s Preliminary Site Perimeter than in the Cedar Bayou 
background area.  In contrast, arsenic in hardhead catfish fillet from samples from within 
USEPA’s Preliminary Site Perimeter is different from background, but arsenic in whole 
hardhead catfish and in edible blue crab tissue was not significantly different than in these 
tissues from background areas. 
 
Additional discussion of sediment physicochemical properties including TOC and grain size 
is presented in Section 5.2.  The sediments in some parts of the area within USEPA’s 
Preliminary Site Perimeter have relatively high TOC and are often characterized by large 
fractions of clay and silt.  These conditions can result in relatively elevated chemical 
concentrations in sediment, because chemicals can be sorbed by or bind to TOC and very 
fine sediment particles have more surface area to which chemicals can sorb or be bound.  
Also, additional information on sources of COPCs to soils, sediment, and tissue within 
USEPA’s Preliminary Site Perimeter is presented in Sections 5.4 and 6.3, and sources of 
metals, PCBs, and dioxins and furans, other than the paper mill wastes, are known to exist 
within USEPA’s Preliminary Site Perimeter.  Specifically, known sources other than paper 
mill wastes within USEPA’s Preliminary Site Perimeter include permitted wastewater 
outfalls, a stormwater outfall, urban runoff, and atmospheric sources (Section 5.4).  
Discussions in Sections 5.4 and 6.3 help explain the results of comparisons of data from 
within USEPA’s Preliminary Site Perimeter and background data described above. 
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5 AREA NORTH OF I-10 AND AQUATIC ENVIRONMENT  

This section presents the descriptive information and summarizes results of risk analyses 
generated by the RI for the impoundments north of I-10 and the aquatic environment within 
USEPA’s Preliminary Site Perimeter.  The information presented in this section addresses all 
subjects in the suggested outline of an RI Report by USEPA (1988) guidance (as prescribed by 
the UAO) in the context presented in earlier chapters, and includes: 

• History for the northern impoundments and other areas north of I-10 
• The nature and extent of COCs in soil, sediment, and tissue within USEPA’s Preliminary 

Site Perimeter 
• Identification and description of sources of COCs in soils of the TxDOT ROW and north 

of I-10 and in sediments within USEPA’s Preliminary Site Perimeter 
• Summaries of the baseline ecological and human health risk assessments for the area 

north of I-10 and aquatic environment 
• Derivation of PCLs for risk-driving chemicals or COCs 
• A synthesis of information in a complete CSM for the area north of I-10 and aquatic 

environment. 
 
A summary of key observations that result from the RI and will support evaluation of 
remedial alternatives in the FS concludes this section.  A parallel presentation of information 
for the area of the soil investigation on the peninsula south of I-10 follows in Section 6. 
 

5.1 History of the Area North of I-10 

The northern impoundments in their pre-TCRA condition were located on a partially 
submerged 20-acre parcel on the western bank of the San Jacinto River, in Harris County, 
Texas, immediately north of the I-10 Bridge over the San Jacinto River (Figure 1-1).  The 
northern impoundments were constructed in 1965 by forming berms within the estuarine 
marsh, to the west of the main river channel.  The northern impoundments were divided by 
a central berm running lengthwise (north to south) through the middle, and were connected 
with a drain line to allow flow of excess water (including rain water) from the impoundment 
west of the central berm into the impoundments east of the central berm (Figure 1-1).  In 
1965 and 1966, paper mill wastes were reportedly transported by barge from the Champion 
Paper Inc. paper mill in Pasadena, Texas and unloaded into the northern impoundments for 
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stabilization and disposal.  The excess water collected in the impoundment located to the east 
of the central berm was pumped back into barges to be taken to another location.  Prior to 
the initiation of the RI, the wastes that were deposited in the impoundments were found to 
contain polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) 
dioxins and furans), and some metals (TCEQ and USEPA 2006); additional discussion of the 
chemical constituents typical of materials similar to those believed to have been deposited in 
the northern impoundments and that were further characterized by the RI is provided in 
Section 1.5 of the Sediment SAP (Integral and Anchor QEA 2010a).  The northern 
impoundments are believed to have been used for waste disposal from September 1965 to 
May 5, 1966.  Since the eastern impoundment was used to dewater the western 
impoundment, the capacity of the eastern impoundment for waste disposal is thought to 
have been less than that of the western impoundment. 
 
Physical changes in the 1970s and 1980s, including regional subsidence of land in the area 
due to large scale groundwater extraction and sand mining within the river and marsh to the 
west of the impoundments, resulted in partial submergence of the impoundments north of 
I-10 and exposure of the contents of the impoundments to surface waters.  Based on review 
of USACE-approved dredging permits, dredging by third parties occurred in the vicinity of 
the perimeter berm at the northwest corner of the northern impoundments.  Aerial 
photograph analysis suggests that this dredging occurred during the mid- to late 1990s. 
 
Samples of sediment in nearby waters north and west of the northern impoundments by 
TCEQ and USEPA in 2004 and 2005 (University of Houston and Parsons 2006; TCEQ and 
USEPA 2006) indicated that dioxins and furans were present in sampled sediments within 
USEPA’s Preliminary Site Perimeter at concentrations higher than levels in background 
areas nationally (USEPA 2000b).  Studies conducted for this RI and discussed further below 
confirm that sediments surrounding the impoundments north of I-10 and elsewhere within 
USEPA’s Preliminary Site Perimeter contain dioxins and furans.  Some of the sediment 
samples have dioxins and furans characterized by the same mixture, or “fingerprint,” found 
within the wastes in the northern impoundments, and some of them are not characterized by 
this fingerprint (Integral and Anchor QEA 2012a).  USEPA added the area within USEPA’s 
Preliminary Site Perimeter to the National Priorities List (NPL) in March 2008, and the RI 
began in December 2009.  Construction of the TCRA described in Section 1.3 was completed 
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in July 2011.  Construction of the TCRA armored cap was intended to attenuate or eliminate 
release of COPCs from the impoundments north of I-10, and the study of cap porewater 
presented in Section 5.3 of this RI Report addresses whether that goal has been met.   
 
In addition to dredging in the vicinity of the northern impoundments, historical documents 
indicate that Southwest Shipyards, a barge maintenance and cleaning facility located on the 
eastern half of the peninsula south of I-10, leased part of the upland sand separation area in 
1996.  The Southwest Shipyards facility south of I-10 performs “cleaning and repair of barges 
used for transporting chemical and petroleum products” (GW Services 1997, p. 1).  The area 
leased to Southwest Shipyards on the upland sand separation area was known as “C Yard” or 
the “barge painting area.” According to available records, C Yard included the shoreline area 
of the eastern side of the embayment on the upland sand separation area.  An enforcement 
action against the Southwest Shipyards resulted in an Agreed Order with the Texas Natural 
Resources and Conservation Commission (TNRCC) dated August 28, 1997, TNRCC Docket 
No. 97-0453-IHW-E (1997 Agreed Order).  The 1997 Agreed Order describes the failure of 
Southwest Shipyards to notify TNRCC, the predecessor to TCEQ, regarding generation and 
storage of unspecified hazardous wastes on C Yard and subsequent shipment of such wastes 
to the Southwest Shipyards’ property (W&M 2011).  A work plan prepared pursuant to the 
1997 Agreed Order on behalf of Southwest Shipyards by GW Services (1997) states that 
Southwest Shipyards conducted barge painting operations on C Yard from October to 
December 31, 1996.  The work plan (GW Services 1997) also describes wastes that may have 
been generated by the activities at C Yard; such wastes are thought to have included the 
residual spent blast sand, paint chips and rust chips swept from vessels prior to painting, 
paint drip, and overspray.  At the time the work plan (GW Services 1997) was submitted, the 
embayment adjacent to Southwest Shipyards’ activities at C Yard was being dredged, and 
dredged materials were stockpiled on the upland sand separation area, although the specific 
location of the stockpile is uncertain.  TNRCC correspondence with respect to the 1997 
Agreed Order reflects that TNRCC required that soil and sediment chemistry data be 
submitted to it as part of the investigation referenced by the GW Services, work plan 
(GW Services 1997).  That dataset has not yet been obtained.   
 
Finally, in mid-2011 during the final stages of the TCRA construction, the San Jacinto River 
Fleet established a barging operation in the waters and at the shoreline surrounding the 
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upland sand separation area (Figure 1-1).  The San Jacinto River Fleet’s operations include 
intensive use of tugboats to move barges around the upland sand separation area, including 
directly in the area where this investigation found the sediments with the highest dioxin and 
furan concentrations outside of the original 1966 perimeter of the impoundments north of 
I-10.  This activity may have disturbed surface and subsurface sediments in this area.  The 
extent of the impact due to this activity, if any, is unknown. 
 

5.2 Nature and Extent of Chemicals of Concern North of I-10 and Aquatic 
Environment 

This section discusses the nature and extent of COCs in soils of the TxDOT ROW and 
elsewhere north of I-10, and sediments and biological tissue collected from within USEPA’s 
Preliminary Site Perimeter.  This discussion includes context provided by results of sampling 
for this RI in background areas for sediment, clam, and killifish tissue collected upstream; 
catfish and crab tissue collected in Cedar Bayou and in the lower San Jacinto estuary south of 
the Fred Hartman Bridge; and soils collected in nearby public parks considered to represent 
background conditions.  Information on the nature and extent of COCs informs Study 
Element 1 – Nature and Extent Evaluation, Study Element 2 – Exposure and Risk Analysis, 
Study Element 3 – Physical CSM and Fate and Transport Evaluation, and Study Element 4 –
Engineering and Construction Evaluation.  
 
The section describes the baseline horizontal and vertical extent of COCs (PCDD and PCDFs, 
PCBs, and mercury) in surface sediment and soils, subsurface sediment and soils, 
groundwater, and tissues in the area north of I-10 and the aquatic environment using the 
baseline dataset (Section 2.4).  The discussion is limited to those chemicals considered COCs 
as a result of the BHHRA or BERA for the area north of I-10 and aquatic environment 
because these chemicals are most likely to be the focus of risk management decisions.  
Although the spatial distributions and extent of all COCs are described, the discussion 
focuses on dioxins and furans as the indicator chemical group for paper mill-waste-related 
COCs.  Information on chemicals that are not COCs has been provided in previous 
documents prepared for the RI/FS (Integral and Anchor QEA 2012a; Anchor QEA and 
Integral 2010a) and is not repeated here.  
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Summary statistics first presented in the PSCR are not repeated in this discussion, unless 
additional data were collected for that medium since publication of the draft PSCR in July 
2011 (the PSCR was finalized in February 2012; Integral and Anchor QEA 2012a).  Some of 
the summary statistics discussed in this section have been updated using additional data.  
New data collected since July 2011 and relevant to this section include: 

• Within USEPA’s Preliminary Site Perimeter  
− Four sediment stations in the Old River, to the west of the peninsula south of I-10 

(Figure 2-2; SJSD001 through SJSD004), analyzed for COPCs (Table 1-2) and with 
depth increments of 0 to 6 inches, 6 to 12 inches, and 12 to 24 inches 

• Background areas  
− Ten sediment samples collected from the upstream background area (Figure 2-3; 

SJUP002, SJUP006, SJUP007, SJUP008, SJUP009, SJUP010, SJUP014, SJUP015, 
SJUP016, and SJUP018), analyzed for dioxins and furans 

− Ten catfish fillet samples and ten edible crab tissue samples collected from an area 
of the lower estuary, downstream of the Fred Hartman Bridge (Figure 2-19) 
analyzed for dioxins and furans. 

 
The nature and extent of COPCs in soils of Soil Investigation Area 4 and adjacent areas on 
the peninsula south of I-10, for which substantial data were generated in 2011 and 2012, are 
discussed separately in Section 6.  Tables to supplement the summary statistics presented in 
this section are provided in Appendix C. 
 

5.2.1 Soil 

For soils, sampling was conducted within four areas, consistent with the soil investigation 
areas presented in the Soil SAP (Integral 2011c).  Soil Investigation Areas 1 through 3 are 
located within the TxDOT ROW (Area 2) and north of I-10 (Areas 1 and 3), and sample 
locations used in the summary statistics tables are shown on Figure 2-10 and described 
below:  

1. Soil Investigation Area 1 is the denuded portion of the upland sand separation area, 
where historical aerial photographs suggest that sediment handling took place and in 
which Southwest Shipyards’ barge painting activities occurred, and the area 
surrounding the road that provides access in and out of this upland area. 
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2. Soil Investigation Area 2 is the portion of USEPA’s Preliminary Site Perimeter 
beneath I-10, in the TxDOT ROW, that was sampled for the TCRA (Anchor QEA 
2010a). 

3. Soil Investigation Area 3 is the area of the impoundments north of I-10.  Although 
sampling here was conducted for the sediment study, USEPA required sample 
collection within the original 1966 perimeter of the impoundments north of I-10 as 
part of the soil study. 

 
Soil Investigation Area 4 is not shown on Figure 2-10; it is on the peninsula south of I-10 and 
results are presented in Section 6. 
 
The investigation of soils in Soil Investigation Areas 1 through 3 involved multiple sampling 
events (Section 2.1) for surface, subsurface, and core soil, defined as follows: 

• Surface soil samples collected from 0 to 6 inches 
• Shallow subsurface samples collected from 6 to 12 inches 
• Deep subsurface soil samples collected from 12 to 24 inches 
• Core samples collected at depths greater than 24 inches. 
 
Because the steps in the soil investigation addressed various short-term objectives related to 
preparation for the TCRA construction, samples from Soil Investigation Areas 1 and 3 were 
collected consistent with the depth intervals listed above, but depth intervals for sampling in 
Soil Investigation Area 2 were different, with surface samples consisting of the top 1-foot 
increment, and deeper samples being taken at 4 to 5 feet at two locations (TxDOT004 and 
TxDOT012).  For the purposes of computing summary statistics, surface soil samples are 
those with an upper depth of 0 inches.  The majority of surface soil samples have a lower 
depth interval of 6 inches, but in some cases the lower interval may be 12 or 24 inches.  
 

Subsurface soils were collected at most soil sampling locations.  Core samples—those from a 
depth of at least 24 inches—were collected for chemical analysis from two locations in Soil 
Investigation Area 2 (additional core samples collected in Soil Investigation Area 4 and 
adjacent areas on the peninsula south of I-10 are discussed in Section 6).  Core samples from 
the monitoring wells north of I-10 were analyzed only for TOC and grain size.  All other soil 
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samples were analyzed for primary COPCs, TOC, and grain-size.  Other soil samples were 
analyzed according to direction from USEPA, or according to DQOs in the Soil SAP 
(Section 2.1, Table 6 of Integral 2011c).  
 
Summary statistics presented in tables in this section include the mean, calculated with all 
data including nondetects substituted at one-half the detection limit, the range of detected 
values, and detection frequencies.  
 
Summary statistics for dioxin and furan concentrations (dw) in Soil Investigation Areas 1, 2, 
and 3 are presented in Table 5-1 for surface soils and in Table 5-2 for subsurface soils.  
Summary statistics for PCBs and mercury (dw) are presented in Table 5-3 (surface soil) and 
in Table 5-4 (subsurface soil). 
 
The distribution of dioxins and furans in surface and shallow subsurface soils in Soil 
Investigation Areas 1, 2, and 3, expressed as TEQDF,M, is shown in Figure 5-1.  Distributions of 
mercury in surface and subsurface soils are shown in Figure 5-2, and those for PCBs 
expressed as TEQP,M are shown in Figure 5-3.  
 
Soil chemical distributions presented in these core maps show surface, subsurface, and deep 
core chemical concentrations for each location sampled.  The core segment divisions 
displayed on the maps are scaled to the thickness of each sample interval.  Concentration 
ranges of COCs are color-coded and correspond to a concentration scale for each particular 
chemical.  The concentration classifications used in color-coding the chemical data are order 
of magnitude bins (<1, 1-10, 10-100, 100-1000, etc.) for TEQDF,M because of the very wide 
range in this parameter.  For the other COCs, concentration classifications are coded by 
quantiles based on the range in the entire surface and subsurface dataset, so the 
concentration ranges are the same for both surface and subsurface data.  
 
Concentrations that exceed the REV are shown in bold on the maps.  REVs were calculated 
separately for the 0- to 6-inch interval and the 6- to 12-inch interval (Table 4-27), because 
the background soil sampling allowed for these to be calculated separately.  For the 
discussion below and where the REV is used in maps, the surface soil REV (0 to 6 inches) is 
used for simplicity.  For mercury, the REV is nearly equivalent in surface and subsurface soils 
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(Table 4-27).  The REV for PCBs was not used because PCBs were analyzed as Aroclors in 
background soils, and were never detected.  They were also rarely detected in soils collected 
north of I-10. 
 

5.2.1.1 Dioxin and Furan Concentrations in Soil  

The following discussion describes the spatial extent of dioxin and furan concentrations in 
soils north of I-10, including the samples collected underneath I-10 in the TxDOT ROW.   
 

5.2.1.1.1 Surface Soil 

North of I-10 in Soil Investigation Areas 1 to 3, the highest averages of dioxin and furan 
concentrations in surface soils occur in Soil Investigation Area 3 (Figure 5-1 and Table 5-1), 
which encompasses the northern impoundments.  In Soil Investigation Area 3, the maximum 
TEQDF,M concentration in surface soils (11,200 ng/kg) occurs in the southern portion of the 
western cell of the impoundments at Station SJGB009.  Within Soil Investigation Area 3, the 
congener with the highest average concentration was 2,3,7,8-TCDF, at 6,680 ng/kg 
(Table 5-1).  In other soil investigation areas, the congener with the overall maximum and 
the highest average concentration in surface soils is OCDD. 
 
Average and maximum TEQDF,M concentrations in surface soils in Soil Investigation Areas 1 
and 2 are much lower than those within the Soil Investigation Area 3 (the northern 
impoundments) (Figure 5-1 and Table 5-1).  The maximum surface soil TEQDF,M values in Soil 
Investigation Areas 1 and 2 were 27.2 ng/kg and 66.1 ng/kg at Stations SJTS010 and 
TXDOT004, respectively (Figure 5-1).  These are the only two surface soil samples in Soil 
Investigation Areas 1 and 2 that exceed the TEQDF,M REV for surface soils of 24.3 ng/kg 
(Table 4-27). 
 

5.2.1.1.2 Subsurface Soil 

In subsurface soils north of I-10, the highest average concentration of dioxins and furans also 
occurs in Soil Investigation Area 3 (Table 5-2).  In Soil Investigation Area 3, the highest 
TEQDF,M value in subsurface soils (16,200 ng/kg) occurs in the southern portion of the 
western cell (Figure 5-1) at Station SJGB010.  Consistent with surface soils within Soil 
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Investigation Area 3, the highest average concentration for an individual congener was for 
2,3,7,8-TCDF at 17,000 ng/kg (Table 5-2). 
 
As with the surface soils, subsurface soil TEQDF,M concentrations in Soil Investigation Areas 1 
and 2 are lower than those within Area 3 the northern impoundments (Figure 5-1 and 
Table 5-2).  The maximum TEQDF,M concentration in subsurface soils of Soil Investigation 
Area 1 was 195 ng/kg and occurs in the 12- to 24-inch interval of Station SJTS018, in the 
northeastern corner of the upland sand separation area.  In Soil Investigation Area 1, TEQDF,M 
exceeds the subsurface TEQDF,M REV of 6.26 ng/kg (Table 4-27) in several locations, also in 
the northeast corner of the upland sand separation area, as well as along the western side of 
that area (Figure 5-1).   
 
In Soil Investigation Area 2, the TxDOT ROW, the higher TEQDF,M of the two subsurface soil 
samples was 1.22 ng/kg (Station TXDOT004), but still lower than the subsurface TEQDF,M 
REV of 6.26 ng/kg (Table 4-27).  The congener with the highest concentrations in subsurface 
soils in Soil Investigation Areas 1 and 2 is OCDD, which is consistent with patterns in the 
surface soils from these areas.   
 

5.2.1.1.3 Patterns and Trends in Dioxin and Furan Soil Concentrations 

A quantitative unmixing analysis was carried out using data for the seventeen 
2,3,7,8-substituted dioxin and furan congeners in all soil samples north of I-10 and all 
sediment samples collected within and around USEPA’s Preliminary Site Perimeter since 
2009.  This analysis was first described in the PSCR (Section 6.2.3) and is updated in 
Section 5.4 of this RI Report.  
 

5.2.1.2 PCB Concentrations in Soil 

Data to support description of the nature and extent of PCBs in soils north of I-10 are limited 
to the results of the sampling in the TxDOT ROW.  The history of decisions and analytical 
considerations are summarized in this section to provide relevant context to the condition 
and extent of data for PCBs in soils.  
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5.2.1.2.1 Summary of Decisions in the Development of PCB Data for Soils 

Prior to issuance of the 2009 UAO, TCEQ and USEPA (2006) analyzed several samples of 
sediment from locations within USEPA’s Preliminary Site Perimeter, including some from 
within the 1966 perimeter of the impoundments north of I-10, for Aroclors.  Weston (2006) 
also analyzed Aroclors in sediment collected adjacent to the northern impoundments and 
under the I-10 Bridge in preparation for the dolphin construction project.  Aroclors were 
never detected in sediments in either study.  As a result, and prior to any sampling for the 
RI/FS, PCBs were designated secondary COPCs for people and wildlife (Integral and Anchor 
QEA 2010).  PCBs were given this designation because they were considered a possible 
constituent of paper mill wastes generated in the 1960s, although there was no evidence that 
PCBs were present in the wastes within the northern impoundments or in surrounding 
sediment, and because PCBs are bioaccumulative.  As such, analyses for Aroclors in 
sediments could result in no detections, even though small amounts in sediment could, 
according to USEPA, potentially lead to significant amounts in tissues ingested by people and 
wildlife.   
 
In this context, the Soil SAP presented a design in which primary COPCs would be analyzed 
in soil samples, and a secondary COPC would be analyzed in archived samples if an 
evaluation of sediments suggested that the secondary COPC (in this case, PCBs) should be 
considered a COPC in soil.  Based on the sediment data, the COPC Tech Memo (Integral 
2011a) concluded that analysis of PCBs in archived soil samples was not necessary: 

• Most PCB congeners evaluated in sediment correlate strongly and significantly with 
2,3,7,8-TCDD and 2,3,7,8-TCDF, and therefore remedial action to address dioxins and 
furans would address PCBs. 

• Available soil data indicate that, although PCBs have been detected in soil, 
concentrations do not exceed conservative soil screening values. 

 
In addition to these reasons, screening presented in the COPC Tech Memo (Integral 2011a) 
consisted of comparing concentrations of individual dioxin-like congeners and total PCBs as 
the sum of dioxin-like congeners in sediment to the regional screening levels the individual 
congeners and for total PCBs, respectively.  Dioxin-like congeners and total PCBs as the sum 
of dioxin-like congeners in baseline sediment rarely exceeded the soil screening values for 
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PCBs, with exceedances only in sediment from within the 1966 impoundment perimeter 
(Integral 2011a).  Archived samples of soil collected north of I-10 were not analyzed 
for PCBs. 
 
Although the COPC Tech Memo concluded that archived soils collected for the soil study 
would not be analyzed for PCBs, sampling events that USEPA required be performed prior to 
the COPC analysis (Integral 2011a) generated data for both Aroclors and dioxin-like PCB 
congeners in soils of the TxDOT ROW (Soil Investigation Area 2) at 0 to 1 foot bgs at 12 
locations, and from 4 to 5 feet bgs at two locations.  Aroclor data were also generated for 
surface soil (0 to 6 inches) and shallow subsurface soil (6 to 12 inches) at three locations in 
the upland sand separation area (Soil Investigation Area 1).  These data are used below to 
describe the nature and extent of PCBs in soils north of I-10. 
 

5.2.1.2.2 Analytical Considerations in the Evaluation of PCB Data 

Two types of PCB analyses were used for RI soil and sediment samples: 

• Identification and quantification of PCBs as Aroclors using gas chromatography with 
electron capture detection (EPA method 8082) 

• Analysis of PCB congeners by high-resolution gas chromatography with high-resolution 
mass spectrometry (EPA method 1668A). 
 

In soils collected from Soil Investigation Areas 1 and 2, PCB analyses were performed for 
Aroclors and the 12 dioxin-like PCB congeners.  Wastes from within the western cell of the 
northern impoundments were sampled from Soil Investigation Area 3 in the sediment study, 
and were analyzed for Aroclors and PCB congeners. 
 
For several samples collected from within the 1966 impoundment perimeter (Soil 
Investigation Area 3) as part of the sediment study, Aroclors were generally not detected, but 
matrix interference resulted in elevated detection limits for Aroclors.  In one sample from 
within the 1966 impoundment perimeter in the 2- to 4-foot interval at Station SJGB014, 
Aroclor 1254 was reported as an estimated (J-qualified) concentration of 1,400 µg/kg.  From a 
purely analytical perspective, USEPA considers all data meeting proper QA/QC procedures to 
be acceptable, regardless of detection limit level.   
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However, the acceptability of these data is dependent on their specific use.  For example, in 
the absence of other data, elevated detection limits may provide insight needed to resolve 
uncertainties.  In preparing descriptive information, however, these same data may not be 
useful because of the associated uncertainty.  Presented in the context of the descriptive 
information in this section, such elevated detection limits could be perceived to indicate very 
high concentrations when in actuality, the presence of highly elevated PCBs within the 
northern impoundments is considered unlikely on the basis of the summary information 
developed by TCEQ and USEPA (2006) and Weston (2006) presented in the previous section.  
Therefore, the PCB data for sediments collected at the same locations as soil at Stations 
SJGB001, SJGB006, SJGB009, SJGB010, SJGB011, and SJGB012 are not included in this 
discussion, because in all of these samples, only Aroclors were analyzed, and were never 
detected, and most had elevated detection limits.   
 
From a predictive risk assessment perspective, USEPA (1989) recommends excluding such 
data from formal risk quantification because of their uncertainty in concentration; the 
human health risk assessment describes the manner in which these uncertain values are 
treated for that analysis.  From an applied engineering and feasibility standpoint, elevated 
detections limits are also not useful because they are not capable of defining with precision 
actual chemical concentration data that can be used to set boundaries for remedy 
considerations. 
 
The data for PCBs in soils from the TxDOT ROW and from the upland sand separation area 
do not have the uncertainties due to matrix interferences described above.  This information 
is used to address the nature and extent of PCBs in soils north of I-10, and to support the risk 
assessments.   
 

5.2.1.2.3 Summary of PCBs in Soil 

Outside of the 1966 impoundment perimeter and within soils north of I-10, Aroclors were 
detected in five samples from Soil Investigation Area 2, and were estimated (J-qualified) in 
four of those.  Aroclor 1254 was detected in soil from Station TxDOT002 at 130 µg/kg dw.  
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Aroclors were never detected in surface and shallow subsurface soils of the upland sand 
separation area (Table 5-3).   
 
Because Aroclors were generally not detected in soils of Soil Investigation Area 1 and were 
rarely detected in Area 2 soils, only the dioxin-like PCB congener data (as TEQP,M) are used 
in figures, tables, and text supporting descriptions of the nature and extent of PCBs in soils.  
The data for dioxin-like PCB congeners provide a description over the widest possible 
geographical area.  Aroclors 1242, 1248, 1254, and 1260 have at least one dioxin-like PCB 
present at greater than 0.5 percent (Frame et al. 1996); the dioxin-like congeners are 
therefore a reasonable surrogate for the presence of these Aroclors. 
 
Two of the TxDOT stations in Soil Investigation Area 2 fall within the original 1966 
perimeter of the impoundments north of I-10.  The sample from one of these (TxDOT005) 
has the highest TEQP,M of all 14 soil samples (2.83 ng/kg; Figure 5-3), but this location does 
not correspond with the highest station having the highest TEQDF,M in soils, which is at 
TxDOT004 (Figure 5-1), where the TEQP,M was just 0.93 ng/kg.  The second highest TEQP,M 
concentration (2.23 ng/kg) was found at the location in Soil Investigation Area 2 furthest 
west of the northern impoundments, Station TxDOT007.  There is no evident spatial pattern 
in the data for TEQP,M in soils that would suggest that the impoundments north of I-10 are an 
important source of dioxin-like PCBs in soils.  The result for Station TxDOT007 suggests that 
the distribution of these dioxin-like PCBs in soils north of I-10 and in the TxDOT ROW is 
random, and likely reflects background conditions.  There are no site-specific background 
data for PCB congeners.  

 

5.2.1.3 Mercury Concentrations in Soil 

Mercury concentrations in surface and subsurface soil samples from Soil Investigation 
Areas 1, 2, and 3 are mapped in Figure 5-2.  Summary statistics for mercury in Soil 
Investigation Areas 1, 2, and 3 are included in Tables 5-3 (surface soil) and 5-4 (subsurface 
soil).  Mercury was detected in all but four surface and subsurface soil samples at levels 
ranging from 0.002 to 12.9 mg/kg dw.  The REV concentration for mercury in soils is 
0.164 mg/kg.  Values greater than the REV are shown in bold on Figure 5-2.  Mercury 
exceeds the REV in both surface and subsurface soils samples in two areas, one within the 
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original 1966 perimeter of the impoundments north of I-10 (Soil Investigation Area 3) and 
the other in the western portion of the upland sand separation area (Soil Investigation 
Area 1), where the highest concentrations of mercury in soils or sediments occur.  In four 
samples from two locations in the western part of the upland sand separation area, mercury 
concentrations range from 5.97 mg/kg to 12.9 mg/kg, all of which are higher than those in 
any soil or sediment samples from within the northern impoundments, where the maximum 
mercury concentration is 2.34 mg/kg. 
 
Exceedances of the mercury REV in the upland sand separation area are much greater than 
they are in the northern impoundments.  Mercury concentrations that exceed the REV in 
Soil Investigation Area 1 are aggregated in the western part of Soil Investigation Area 1, and 
include 5.97 mg/kg, 9.28 mg/kg, 10.6 mg/kg, and 12.9 mg/kg, all at Stations SJTS025 and 
SJTS027 (Figure 5-2).  At both of these locations, the upper soil interval has the higher 
concentration.  The highest mercury concentration in soil of Soil Investigation Area 3 is 
2.34 mg/kg, and there are six soil stations with mercury both below this number and above 
the mercury REV.  Elsewhere in Soil Investigation Area 1 and in Soil Investigation Area 2 
(the TxDOT ROW), mercury soil levels are all below the REV.   
 

5.2.2 Groundwater 

The groundwater investigation north of I-10 was conducted to address the possibility that 
groundwater quality is affected by the northern impoundments (Anchor QEA and Integral 
2011a, p. 66), as required by USEPA in its June 3, 2010 comments on the RI/FS Work Plan.  
Results of the groundwater study were not needed to support Study Element 2 (Exposure 
Evaluation); potential human receptors are not expected to ingest groundwater because the 
shallow groundwater is not potable, and because potential exposures of ecological receptors 
exposures were evaluated using tissue concentrations of COPCs.   
 
To address USEPA’s concerns in the June 3, 2010 comments that potable water from wells 
within 3,000 feet of the impoundments north of I-10 could contain COPCs, a conceptual 
model of the subsurface geology was presented in the RI/FS Work Plan.  The exposure 
pathway of concern to USEPA was determined to have a very low probability.  Nevertheless, 
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the groundwater study for the northern impoundments generated information for both the 
alluvial groundwater and the deeper upper Chicot aquifer.   
 
Monitoring well sampling was conducted in three locations within the 1966 perimeter of the 
impoundments north of I-10 (Figure 2-12) in December 2010 through January 2011 and 
yielded a total of eight groundwater samples (including one duplicate), consistent with the 
approved Groundwater SAP (Anchor QEA and Integral 2011a).  As described in 
Section 3.6.2.2.1, groundwater beneath the northern impoundments occurs in two GWBUs: 
GWBU-A (alluvial sediments above the Beaumont clay and outside the northern 
impoundment), and GWBU-B (uppermost sediments below the lower extent of the 
Beaumont clay).  Samples were collected from each of three well pairs surrounding the 
impoundments north of I-10 (Figure 2-12), with each pair capable of collecting groundwater 
from both GWBU-A and GWBU-B.  One sample was also collected from within waste in the 
impoundments north of I-10, and is considered to be perched water within the waste 
(SJMWS04).  One sample was collected from each monitoring well, with a duplicate sample 
collected from SJMWS02.  In addition, real-time groundwater quality data (i.e., measure-
ments of water characteristics such as pH and specific conductance) were collected during 
well development and sampling activities. 
 
Consistent with the Groundwater SAP, groundwater samples were analyzed for dioxins and 
furans, dissolved and total metals on the COPC list, SVOCs (acenaphthene, fluorene, 
naphthalene, phenanthrene, phenol, and carbazole), PCBs as Aroclors, and total suspended 
solids (TSS).  Rationale for the selection of analytes is presented in the COPC Tech Memo 
(Integral 2011a).  All samples were unfiltered and analytical results reflect “total” 
concentrations.  Metals, including mercury, were analyzed as dissolved concentrations in 
each groundwater water sample, following sample filtration during collection using a 
0.45-micron in-line filter.   
 
This section provides a brief overview of the data for conventional analytes and the COCs, 
with an emphasis on dioxins and furans.  Well development and conventional groundwater 
quality data are listed in Table 5-5.  Summary statistics for all COPCs analyzed in 
groundwater samples are provided in Table 5-6.  
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5.2.2.1 Conventional Groundwater Quality 

Consistent with the Groundwater SAP and, in particular, USEPA’s Low Stress (low flow) 
Purging and Sampling Procedure for the Collection of Groundwater Samples from 
Monitoring Wells (USEPA 1996), measurements of turbidity, dissolved oxygen, specific 
conductance, temperature, pH, and oxidation/reduction potential in groundwater collected 
north of I-10 were obtained at regular intervals during the development and sampling 
process (Table 5-5).  The stabilization of these parameters over development intervals was 
the primary indicator that the well was producing water representative of the surrounding 
formation and that sampling could proceed.   
 
In addition, a range of calculated TDS values is provided for every specific conductance 
measurement collected and is included in Table 5-5.  These TDS values, which were 
estimated to be ~1,000 to ~10,000 mg/L (Freeze and Cherry 1979), were developed to support 
evaluation of general groundwater quality.  The TDS calculation method is also provided in a 
footnote in Table 5-5.  Although TCEQ has indicated that estimated TDS concentrations 
cannot be used in classification of groundwater resources in Texas (empirical data are 
required), the TDS has been calculated to provide the framework for this discussion. 
 
Generally, conventional groundwater parameters (turbidity, dissolved oxygen, specific 
conductance, pH, temperature, and oxidation/reduction potential) were within a reasonable 
and anticipated range for slightly brackish to saline natural groundwater.  As shown in 
Table 5-5, water quality parameters stabilized during development and sampling consistent 
with USEPA’s low-flow sampling guidance recommended targets.  Further, turbidity 
readings stabilized at less than 5 nephelometric turbidity units in most wells.  The two 
GWBUs beneath the impoundments north of I-10 exhibit elevated specific conductance and 
TDS concentrations. 
 

5.2.2.2 Dioxins and Furans in Groundwater 

In five of the seven monitoring wells installed north of I-10 no dioxin and furan congeners 
were detected.  These five wells include two of the shallow wells (SJMWS01, SJMWS03) in 
GWBU-A (the alluvial groundwater) and all three deep wells (SJMWD01, SJMWD02 and 
SJMWD03) in GWBU-B (the unit below the Beaumont clay).  All detection limits were well 
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below  the Texas Risk Reduction Program protective concentration level for Class 3 
groundwater (GWGWClass3) PCL of 3,000 pg/L for TEQDF,M (Table 5-6). 
 
One dioxin and one furan congener were estimated in SJMWS02, from GWBU-A (OCDD 
[3.6 pg/L], and 2,3,7,8-TCDF [1.89 pg/L]).  Both of these are below the 3,000 pg/L GWGWClass3 
PCL (Table 5-6) and the 30 pg/L Texas Risk Reduction Program groundwater ingestion PCL 
(GWGWIng) for TEQDF,M.  Both results are qualified as estimated by the laboratory because 
concentrations were below the method reporting limit.  2,3,7,8-TCDD was not detected in 
this groundwater sample. 
 
In the perched groundwater sample within the waste in the northern impoundments, 
SJMWS04, all but four of the 17 dioxin and furan congeners were detected or estimated at 
concentrations ranging from 14  pg/L to 9,100 pg/L (Table 5-6).  This well was screened 
within the upper 2.5 feet of waste material in the impoundment.  2,3,7,8-TCDD was detected 
at a concentration of 2,700 pg/L.  This is the only detection (estimated or otherwise) of 
2,3,7,8-TCDD in any well north of I-10.   
 

5.2.2.3 PCB Concentrations in Groundwater 

PCBs were analyzed as Aroclors only in the groundwater samples from locations within the 
1966 perimeter of the impoundments north of I-10.  Aroclors were not detected in any 
groundwater samples (Table 5-6).  Matrix interferences in sample SJMWS04 likely resulted 
in elevated detection limits for Aroclors (Table 5-6).  Nonetheless, even if total PCBs are 
estimated using the sum of all Aroclors at one-half the detection limit, resulting 
concentration estimates are well below the Texas Risk Reduction Program GWGWClass3 PCL of 
50,000,000 pg/L for total PCBs as summed Aroclors (Table 5-6). 
 

5.2.2.4 Mercury Concentrations in Groundwater 

The results for total and dissolved phased mercury measurements in groundwater samples 
are shown in Table 5-6.  Mercury was detected (a J-qualified concentration of 0.00017 mg/L) 
in only one sample (SJMWS04), the perched waste groundwater sample.  This concentration 
is well below the GWGWClass3 PCL of 0.2 mg/L.  Mercury was not detected in any other 
groundwater sample at detection limits that were well below the applicable GWGWClass3 PCLs. 
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5.2.2.5 Patterns and Trends in Groundwater Chemistry 

The groundwater investigation was conducted because USEPA had determined that “there is 
unacceptable uncertainty about the condition of groundwater beneath the Site and whether 
groundwater quality is affected by the Site” (Anchor QEA and Integral 2011a).  Investigated 
groundwater beneath the northern impoundments occurs in two GWBUs: GWBU-A 
(alluvial sediments above the Beaumont clay and outside the northern impoundment), and 
GWBU-B (uppermost sediments below the lower extent of the Beaumont clay).  One sample 
was also collected from within the waste in the western cell of the northern impoundments, 
and is considered to be perched water within the waste.  Conventional groundwater quality 
in both GWBUs is similar to nonpotable aquifers.  
 
GWBU-A is the alluvial groundwater.  As shown in Table 5-6, COPCs are either not present 
in this GWBU above detection limits or, if present above detection limits, are at 
concentrations below GWGWClass3 PCLs.  Concentrations of all detected chemicals and 
detection limits of nondetected chemicals are below applicable GWGWClass3 PCLs in GWBU-A.  
All dioxin and furan congeners in GWBU-A samples were either not detected or detected at 
low concentrations. 2,3,7,8-TCDD was not detected in GWBU-A at detection limits below 
the USEPA maximum contaminant level [MCL] for 2,3,7,8-TCDD; TEQDF,M concentrations in 
GWBU-A were estimated because no congeners were detected, and the estimated 
concentrations were also below the GWGWIng PCL of 30 pg/L.  Therefore, uncertainty 
regarding the quality of groundwater in GWBU-A and the nature and extent of COCs has 
been resolved. 
 
Groundwater in GWBU-B is the groundwater immediately below the Beaumont clay.  
Concentrations of all detected chemicals and detection limits of nondetected chemicals are 
below applicable GWGWClass3 PCLs.  As shown in Table 5-6, COPCs are either not present in 
this GWBU above detection limits or, if present above detection limits, are at concentrations 
below GWGWClass3 PCLs.  Therefore, uncertainty regarding the quality of groundwater in 
GWBU-B has been resolved within the contexts of potential transport and exposure 
pathways and of the nature and extent of COPCs. 
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SJMWS04 exhibited the only detection (estimated or otherwise) of 2,3,7,8-TCDD in any well 
located north of I-10, at a concentration of 2,700 pg/L.  Low hydraulic conductivity of the 
waste materials, ranging from 1.05 x 10–6 cm/sec to 8.39 x 10–7 cm/sec, is consistent with the 
clay-like nature of the paper mill wastes within the northern impoundments.  These very 
low permeabilities support the perched water condition observed in the waste (consistent 
with Freeze and Cherry 1979), and indicate that the potential for groundwater flow in waste 
is minimal.  The very low permeability and extremely low mobility of the waste, coupled 
with the general insolubility of dioxins and furans, explains the lack of dioxins and furans in 
groundwater, including the shallow groundwater beneath the northern impoundments. 
 
In summary, the activities conducted to characterize groundwater quality and hydraulic 
conductivity of the wastes, and to assess the impact, if any, of COPCs originating from the 
northern impoundments have shown that: 

• Concentrations of COPCs in alluvial groundwater (GWBU-A) are below threshold 
criteria most applicable to the groundwater within USEPA’s Preliminary Site Perimeter, 
indicating that the wastes in the impoundments north of I-10 do not affect quality of 
shallow groundwater. 

• Dioxins and furans were generally not detected in GWBU-A or, in a few cases, detected 
at very low levels.   

• Dioxins and furans were not detected in GWBU-B, at detection limits more than 2 orders 
of magnitude below the GWGWIng PCL for TEQDF,M/USEPA MCL for 2,3,7,8-TCDD of 
30 pg/L, indicating that groundwater below the confining Beaumont Clay is not affected 
by the northern impoundments. 

• Waste materials permeability data (hydraulic conductivity between 10–6 and 10–7 cm/sec) 
indicate that perched water movement through waste materials is negligible.   
 

Additional consideration of groundwater as a pathway for potential receptors or the 
continued assessment of the nature and extent of impacts to groundwater associated with 
conditions in the area north of I-10 is not warranted. 
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5.2.3 Sediment 

Sediment sampling within USEPA’s Preliminary Site Perimeter for the RI (and for the 
TCRA) occurred in several sampling events, as described in Section 2.1.2.  Relative to the 
soils dataset, the sediment chemistry dataset is straightforward, with reasonable consistency 
in the analytes evaluated.  Sampling events include the following, in chronological order: 

• Collection of sediment samples from 0 to 6 inches depth in 25 locations along five 
transects, each radiating from the interior of the original 1966 perimeter of the 
impoundments north of I-10 to the immediate surrounding area (Figure 2-1) – Sediments 
were analyzed for dioxin and furan congeners and TOC. 

• Implementation of the sediment study described in the Sediment SAP (Section 2.1) – 
Surface grabs were collected from 0 to 6 inches depth, and cores with 1- or 2-foot 
intervals were taken in multiple locations.  Samples were collected in beach areas (at 0 to 
6 inches; samples from 6 to 12 inches were archived but not analyzed [Integral 2011a]) 
for evaluation of potential human and ecological exposures, and were collected from 
subtidal areas.  Analytes included TOC, grain size, primary COPCs in all samples, and 
secondary COPCs in a subset of samples. 

• Collection of sediment from four additional locations in the Old River, to the west of the 
peninsula south of I-10, at depth intervals of 0 to 6 inches, 6 to 12 inches, and 12 to 
24 inches.  Analytes included TOC and grain size, COPCs (Table 1-2), and all 209 PCB 
congeners. 

 
The baseline dataset also includes samples from 2009 collected by URS (2010) on behalf of 
TCEQ.  These four sediment samples were collected from within the original 1966 perimeter 
of the impoundments north of I-10.  Finally, Kirby Marine reported dioxin and furan data for 
six samples collected in April 2011 to the west of the peninsula south of I-10, three from 0 to 
2 feet below the mudline and three from 15 to 17 feet below the mudline.  All sampling 
locations within USEPA’s Preliminary Site Perimeter for baseline sediment data are shown in 
Figures 2-2 (subtidal) and 2-4 (intertidal). 
 
This section provides a general description of COCs in sediment, using tables of summary 
statistics calculated for dry-weight concentrations and maps illustrating the distribution of 
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dioxins and furans as TEQDF,M, PCBs as TEQP,M, and mercury in surface and subsurface 
sediments.  
 
As with soils, summary statistics were calculated for surface sediments to include all samples 
with an upper interval of 0 inches—the mudline.  Most surface sediments have a lower depth 
interval of 6 inches, but for samples collected with a coring device, the surface sample 
interval extends to 12 or 24 inches.  Subsurface sediment samples include all samples with an 
upper depth that is greater than 0 inches.  Tables with summary statistics of concentrations 
normalized to organic carbon (OC-normalized) are presented in Appendix C.  For those 
tables, dry-weight concentrations were OC-normalized according to the method described 
by Michelsen (1992).  Summary statistics reported here reflect four additional sediment 
samples collected for the RI in 2012 that were not already reported in the PSCR. 
 
Summary statistics tables describe the number of samples, detection frequency, and the dry-
weight concentration (minimum, maximum, and mean) for COCs in surface and subsurface 
sediments, as follows:  

• Surface sediments 
− Dioxins and furans – Table 5-7  
− PCBs and mercury – Table 5-8  

• Subsurface sediments 
− Dioxins and furans – Table 5-9  
− PCBs and mercury – Table 5-10. 

 
The spatial distribution of dioxin and furans in sediment, expressed as TEQDF,M, is shown in 
Figures 5-4a,b,c (surface) and Figure 5-5 (subsurface).  The spatial distribution of PCBs 
expressed as TEQP,M is shown in Figures 5-6a,b,c (surface) and Figure 5-7 (subsurface).  
Distributions of mercury are shown Figures 5-8a,b,c (surface) and Figure 5-9 (subsurface). 
 
As for soils, concentrations in each figure are classified into quintiles, except for 
concentrations of dioxins and furans which are broken down into groups by order of 
magnitude (<1, 1-10, 10-100, 100-1000, etc.).  Samples for which the concentration exceeds 
the REV are indicated in maps with the concentration shown in bold. 
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5.2.3.1 Surface Sediment Organic Carbon and Grain Size Distributions 

Concentrations of nonpolar organic chemicals tend to correlate with the organic carbon 
content of sediments and with sediment grain size, specifically the percentage of fines (silts 
and clay faction combined) (Bethke 2008).  This correlation arises because as grain size 
decreases, the surface area-to-volume ratio increases and surface-area controlled processes 
like ion exchange and absorption occur across a larger surface area per unit mass of sediment.  
Because these two conventional sediment parameters help explain the distribution of COCs 
in sediment, the distribution of percent organic carbon and fines in sediments are described 
prior to the discussions of COC distributions, to provide context for interpretation of the 
descriptive information presented. 
 
The spatial distributions of percent organic carbon and percent fines in surface sediments 
within USEPA’s Preliminary Site Perimeter and the upstream area, are shown in 
Figures 5-10 and 5-11, respectively.  The contour mapped were generated using inverse 
distance weighting interpolation of the surface sediment dataset.  Sediments with the highest 
TOC content (greater than 2 percent) are observed in and around the location of the original 
1966 perimeter of the impoundments north of I-10 (Figure 5-10).  Localized areas of 
relatively high (1 to 2 percent) organic carbon content also occur in the northern and 
northwestern part of the area within USEPA’s Preliminary Site Perimeter (off of the upland 
sand separation area), south of I-10 at the east end of the I-10 Bridge, and along the eastern 
bank of the peninsula south of I-10.  
 
The distribution of sediments with relatively high proportions of fines is similar to the 
distribution of sediments with high TOC content.  With the exception of the area 
surrounding the northern impoundments, the areas with the highest percentage of fines 
generally mirror the TOC spatial pattern (Figure 5-11), with high levels of fines northwest 
and north of the northern impoundments and along the eastern bank of the peninsula south 
of I-10.  Fines exceeded 90 percent at some locations in these areas.  Overall, the surface 
sediments considered by this evaluation have higher percentages of both fines and TOC 
compared to sediment from areas upstream of USEPA’s Preliminary Site Perimeter. 
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To explore the correlation of COCs with organic carbon and percent fines, Kendall’s tau-b 
was calculated for metals and dioxins and furans for the surface sediment dataset mapped in 
Figure 5-10 and 5-11.  This correlation statistic was chosen because it is a robust, 
distribution-independent method designed for censored datasets (Helsel 2005).  The 
calculated tau-b values are provided in Tables 5-11 and 5-12 for each COC.  Values exceeding 
0.5 indicate a reasonably strong and positive correlation between the analyte and organic 
carbon or percent fines.  With few exceptions, statistical correlations between TOC or 
percent fines and concentration of each analyte were significant but most correlations were 
weak.  Mercury is positively and significantly correlated with each of the two conventional 
parameters, and generally correlates better with percent fines than with TOC content.  
Sediment concentrations of both TEQP,M and TEQDF,M correlate significantly but only weakly 
with TOC, and TEQDF,M correlates weakly with TOC, but TEQP,M does not correlate well with 
percent fines.  Concentrations of dioxin and furan congeners generally do not correlate with 
these physical parameters, except that tau-b values for concentrations of OCDD and 
1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin (HpCDD) relative to percent fines are 0.55 and 
0.53, respectively (Table 5-12). 
 
In addition to the table showing the correlation statistics, maps showing concentrations of 
each of the three COCs in the context provided by Figures 5-10 and 5-11 have been 
prepared, in response to USEPA comments on the draft of this report (Miller 2013a, pers. 
comm.).  These additional illustrations are as follows: TEQDF,M relative to TOC (Figure 5-4b) 
and relative to percent fines (Figure 5-4c); TEQP,,M relative to TOC (Figure 5-6b) and relative 
to percent fines (Figure 5-6c); and mercury relative to TOC (Figure 5-8b) and relative to 
percent fines (Figure 5-8c).  
 

5.2.3.2 Dioxin and Furan Concentrations in Sediment 

The spatial distribution of TEQDF.M in surface and subsurface sediments is shown in 
Figures 5-4a,b,c and 5-5, respectively.  The distribution of TEQDF,M concentrations in cross 
sections through the northern impoundments are shown in Figures 5-12 and 5-13.  Summary 
statistics for concentrations of TEQDF,M as well as the individual dioxin and furan congeners 
on a dry-weight basis are provided in Table 5-7 and Table 5-9, for surface and subsurface 
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sediments, respectively.  Summary statistics for OC-normalized concentrations are presented 
in Appendix C.   
 
In the baseline dataset, the spatial extent of dioxins and furans is well-defined.  Dioxin and 
furan concentrations in sediments, expressed as TEQDF,M concentrations, are higher within 
the 1966 perimeter of the impoundments north of I-10 than elsewhere within USEPA’s 
Preliminary Site Perimeter.  Within the 1966 perimeter of the impoundments north of I-10, 
TEQDF,M concentrations in sediments are highest in the western cell.  TEQDF,M concentrations 
in sediment outside of the northern impoundments are typically 3 to 4 orders of magnitude 
lower than those within the impoundments, even in areas directly adjacent to the 1966 
impoundment perimeter.   
 
The highest TEQDF,M concentration (31,600 ng/kg) in surface sediment samples occurs in the 
uppermost 2-foot interval of the core from Station SJGB014, the boring located in the north-
central portion of the northern impoundments (Figure 5-5); cores surrounding it to the 
north, east, and southeast show much lower concentrations at all intervals, even within the 
1966 impoundment perimeter.  Cores within the western cell tend to show higher TEQDF,M 
concentrations throughout the upper core increments.  TEQDF,M concentrations generally 
decrease from their maximum with depth within a given core (Figures 5-12 and 5-13) 
indicating that the peak concentrations have been located in the vertical dimension.  TEQDF,M 
is below the REV in the lowermost interval measured in all but three borings.  The three 
exceptions occur in the western portion of the northern impoundments where TEQDF,M 
concentrations within the bottom interval range from 25.2 to 17,700 ng/kg. 
 
TEQDF,M concentrations in surface sediment samples from two locations adjacent to the 
upland sand separation area are above 100 ng/kg, at 121 ng/kg (J-qualified) at 
Station SJNE041, and 153 ng/kg (J-qualified) at Station SJNE032.  All other TEQDF,M 

concentrations in surface sediment outside of the 1966 impoundment perimeter are generally 
much lower, and many are below the surface sediment REV of 7.2 ng/kg.  Grab samples with 
TEQDF,M concentrations that are not well below 100 ng/kg dw include four locations around 
the southern end of the peninsula south of I-10, and a few surface samples near the original 
1966 impoundment perimeter.  In the vicinity of the upland sand separation area (Station 
SJNE032), two deep subsurface intervals (4 to 5 feet and 7 to 8 feet below mudline) have 
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TEQDF,M levels of 349 and 339 ng/kg, respectively, the highest TEQDF,M concentrations 
measured outside the 1966 northern impoundment perimeter.  
 
Elsewhere within USEPA’s Preliminary Site Perimeter, TEQDF,M concentrations in sediment 
range from less than 1 ng/kg, well below the upstream REV of 7.2 ng/kg, up to about 
30 ng/kg.  TEQDF,M concentrations in surface sediment exceed the REV in the area 
immediately north of the upland sand separation area, in the immediate area outside the 
original 1966 perimeter of the impoundments north of I-10, in three locations on the east 
shoreline north of 1-10, and adjacent to and west of the area south of I-10 in Stations 
SJSD001, SJSD003, and SJSD004 (Figures 5-4a,b,c).  In the subsurface samples north of I-10 
but outside of the impoundments, most TEQDF,M concentrations do not exceed the REV; 
those cores in which this does occur are to the west, north, and northwest of the northern 
impoundments.  Surface sediment samples along the upstream northwest and northeast 
boundary of USEPA’s Preliminary Site Perimeter, along the southeast portion of the area 
within USEPA’s Preliminary Site Perimeter and south of 1-10, and just upstream of the 
southern extent of USEPA’s Preliminary Site Perimeter do not exceed the REV level of 
7.2 ng/kg. 
 
South of I-10, TEQDF,M concentrations in surface and subsurface sample intervals from cores 
collected adjacent to the western shoreline of the southern peninsula (e.g., SJSD002 through 
004; Samples 01, 02, and 03; and SJNE007) also exceed the REV (Figure 5-5).   
 

5.2.3.2.1 Patterns and Trends of Dioxins and Furans in Sediment 

A quantitative analysis of dioxin and furan mixtures in soils and sediments using a non-
negative matrix factorization (NMF) technique, or “unmixing,” was conducted and reported 
in the PSCR, Section 6.2.3.  The conclusion of that evaluation was that there were two 
distinct dioxin and furan source types in samples of sediment and in samples of soils collected 
for the RI from the TxDOT ROW and north of I-10.  One source type was very similar to 
both general background sources as described by USEPA’s Dioxin Reassessment (USEPA 
2004) and specific sources within the upstream background sampling area and within 
USEPA’s Preliminary Site Perimeter.  The other source type identified by the unmixing 
analysis was characteristic of the waste in the impoundments north of I-10.  The unmixing 
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analysis results include a quantitative assessment of the percent of each source type in each 
sample.  Results of the unmixing presented in the PSCR supported a conclusion that although 
sediments and soils with even small fractions of the paper mill waste mixture type have 
relatively elevated TEQDF,M concentrations, their distribution was fairly localized to the area 
surrounding the northern impoundments.  
 
Because additional soil and sediment data have been collected within USEPA’s Preliminary 
Site Perimeter since the draft PSCR was submitted, the unmixing analysis has been updated.  
The source evaluation section of this RI Report (Section 5.4) provides an update of this 
analysis and discusses all sources of dioxins and furans, as well as sources of other COPCs.   
 

5.2.3.3 PCB Concentrations in Sediment 

Collection of sediments analyzed for PCBs occurred in two steps: during implementation of 
the Sediment SAP in May 2010, and during May 2012 in the Old River.  There are some 
uncertainties among Aroclor results in some sediments collected during the first sampling 
event.  In the second event, a different set of analytes was evaluated.  The resulting data are 
described below, followed by an evaluation of the spatial patterns in PCBs in sediments.   
 

5.2.3.3.1 Available Data for PCBs in Sediment 

Both Aroclors and dioxin-like PCB congeners were analyzed in sediment samples collected 
for the RI.  In the analysis of some sediment samples collected from within the 1966 
perimeter of the impoundments north of I-10, matrix interference resulted in elevated 
detection limits for Aroclors. The Aroclor detection limits were elevated by the laboratory 
due to the presence of “non-target background components.”  All sample extracts underwent 
a sulfuric acid cleanup (EPA Method 3665A) as specified in the Sediment SAP, and a second 
cleanup to remove sulfur (EPA method 3660B) prior to analysis.  However, these cleanup 
steps did not remove the matrix interferences.  The data for the affected samples were 
reported in Columbia Analytical Services (CAS) sample delivery groups K1004785, 
K1004830, K1005106, K1005263, K1005284, K1005353, and K1014009; these data packages 
have been sent in electronic form to USEPA.  Additionally, the elevated detection limits are 
noted in the data validation reports for the 2010 sediment sampling and geotechnical boring 
samples submitted with the PSCR.  Aroclors were not detected except in one of these 



 
 
 Area North of I-10 and Aquatic Environment 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 5-27 090557-01 

samples.  As noted in Section 5.2.1.2, highly elevated PCB concentrations within the 
northern impoundments are unlikely on the basis of data collected prior to initiation of the 
RI (TCEQ and USEPA 2006), and on the basis of several samples with normal Aroclor 
detection limits collected at the same time as those with interferences, and in close 
proximity, such as within the same core.  For example, in SJGB011, Aroclor 1254 in the 
sample from 6 to 8 feet deep was not detected at a detection limit of 2,250 µg/kg, but in the 
next sample interval, from 10 to 12 feet deep, Aroclor 1254 was not detected at a detection 
limit of 9.5 µg/kg.   
 
Detection limits for Aroclors in samples from within the 1966 impoundment perimeter range 
from 9.5 µg/kg (normal) for several Aroclors, to 26,500 µg/kg for Aroclor 1221 in SJGB012, 
from 2 to 4 feet deep.  Highly elevated detection limits for Aroclors like this affect the PCB 
data for several samples from Stations SJGB010, SJGB011, SJGB012, SJGB013, SJGB014, 
SJGB016, SJNE022 (in all three of the triplicate samples at this location), SJVS001, and 
SJVS016.  Aroclors were not detected in any surface sediments analyzed.  Aroclors were also 
undetected in all subsurface samples from within the impoundments north of I-10, with the 
exception of one subsurface core interval at Station SJGB014 (2 to 4 feet deep), where 
Aroclor 1254 was measured at an estimated concentration of 1,400 µg/kg.   
 
PCB congener concentrations were reported for the 12 dioxin-like PCB congeners in the 
sampling conducted in May 2010, and for all 209 PCB congeners in sediments collected in 
May 2012 to the immediate west of the peninsula south of I-10.  Because of the uncertainty 
in the PCB Aroclor data resulting from the very low frequency of detection and analytical 
interference in some sediment samples, PCB congener data are used to describe the nature 
and extent of PCBs in sediments. 
 

5.2.3.3.2 Spatial Distribution of PCBs in Sediments 

The distribution of TEQP,M concentrations in surface and subsurface sediments is shown in 
Figures 5-6a,b,c and 5-7, respectively.  Summary statistics for PCBs in surface sediments are 
listed in Table 5-8, and for subsurface sediments in Table 5-10.  Additional summary 
statistics are provided in Appendix C.  PCB congener detection frequency ranges from 0 for 
PCB 169 in subsurface sediments to 87 percent for PCB 105 in surface sediments.  In surface 
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samples, PCBs 105, 118, and 156/157 have a greater than 80 percent detection frequency, 
while PCBs 81, 126, and 169 were detected in less than 20 percent of the samples.  
 
Multiple surface and subsurface samples from within the original 1966 perimeter of the 
impoundments north of I-10 (mostly in the western portion) exceed the REV for TEQP,M 
(Table 4-28).  The REV for TEQP,M calculated using only data collected for the RI is 
0.33 ng/kg; samples with concentrations that exceed the REV are shown in bold on the 
figures.  TEQP,M concentrations are highest in samples collected from within the 1966 
perimeter of the impoundments north of I-10, with the maximum value of 38.1 ng/kg from 
the 4- to 6-foot depth interval in core SJGB012 (Figure 5-7).  The TEQP,M concentrations in 
most surface and subsurface samples within the northern impoundment exceed 1 ng/kg, 
while all but two values outside of the northern impoundment are below 1 ng/kg.  The 
exceptions are one surface and one subsurface sample location along the northwest portion of 
the peninsula south of I-10.  These are in the surface interval at Station SJSD004 (6.85 ng/kg), 
and in the 12- to 24-inch depth interval of SJSD002 (1.58 ng/kg).  Elsewhere, TEQP,M 
concentrations in four surface samples directly north of the northern impoundments and one 
surface sample just west of the southern end of the peninsula south of I-10 also exceed the 
REV for TEQP,M. 
 
The spatial distributions of individual congeners that exceed their respective REVs were not 
mapped, because the congener distributions mirror the pattern of TEQP,M REV exceedances.  
Most congeners exceed their respective REVs in surface sediments within the original 1966 
perimeter of the impoundments north of I-10.  Most of the congeners also exceed the REVs 
in at least one subsurface sediment in the impoundment, the exception being the three 
congeners (PCBs-81, -126, and -169) that were generally undetected at depth in the eastern 
portion of the northern impoundment.  A similar pattern of REV exceedances consistent 
with the exceedance of the TEQP,M REV occurs for most congeners along the northwest edge 
of the peninsula south of I-10 in both surface and subsurface sediments.  Data for PCB 
congeners in subsurface samples outside of the northern impoundments are not available, 
consistent with the Sediment SAP, so concentrations of TEQP,M adjacent to the upland sand 
separation area, north of the northern impoundments, and elsewhere are not described. 
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Generally, the spatial distribution of dioxin-like PCB congeners as TEQP,M indicates that 
PCBs are present in the paper mill wastes in the northern impoundments, and are present in 
the sediments directly adjacent to the location of the possible impoundment on the peninsula 
south of I-10.  To the extent that TEQP,M concentrations outside of the northern 
impoundments and north of I-10 are slightly above the REV (Figures 5-6a,b,c and 5-7), they 
may be at least partly explained by the significant correlation of this parameter with TOC 
(Table 5-11).  However, although the highest TEQP,M concentrations are within the 1966 
impoundment perimeter, they are substantially lower than the TEQDF,M in the same samples.  
In most locations outside of the 1966 impoundment perimeter, dioxin-like PCBs contribute 
marginally to the TEQDFP,M concentrations in sediment.  The exception to this is 
Station SJSD004, where TEQP,M is nearly half of the TEQDFP,M concentration of 15 ng/kg.  The 
COPC Tech Memo (Integral 2011a) found relatively strong and significant correlations 
between concentrations of the majority of PCB congeners (eight of eleven congeners) and 
both 2,3,7,8-TCDD and 2,3,7,8-TCDF (the analysis did not include the SJSD stations).  
Correlations of 2,3,7,8-TCDD and 2,3,7,8-TCDF with PCBs-81, -126, and -169 were weak 
and non-significant, but these congeners were detected only in 19, 11, and 4 percent of 
sediment samples, respectively. 
 
Therefore, in sediment samples other than those collected in the Old River south of I-10 in 
2012, where individual dioxin-like PCB congeners were detected, these PCB congeners 
contribute very little to the overall dioxin-like toxicity of the sediment, and they correlate 
with the two dominant dioxin and furan congeners in the paper mill wastes.  Because of this 
correlation, any remedial action to address dioxins and furans in sediment will also address 
paper mill waste-related PCBs. 
 

5.2.3.3.3 Patterns in PCB Mixtures in Sediments 

Concentrations of 2,3,7,8-TCDD and 2,3,7,8-TCDF in sediment may correlate with 
concentrations of individual PCB congeners in sediment because the two chemical groups 
have low solubility, tend to bind to organic carbon, are persistent, and behave similarly in 
aquatic environments.  Differences between the spatial patterns of PCBs in tissue and those 
of TEQDF,M in tissue (described below), suggest that there are various sources of PCBs to tissue 
burdens of aquatic life within USEPA’s Preliminary Site Perimeter.  These may include 
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stormwater outfalls and the Baytown Wastewater Treatment Plant outfall, both along the 
eastern shoreline of the San Jacinto River, within USEPA’s Preliminary Site Perimeter.  To 
explore whether there was a PCB mixture present in sediments within USEPA’s Preliminary 
Site Perimeter that is characteristic of paper mill wastes so that the contribution from this 
potential source could be distinguished from the contribution from other sources, principal 
components analysis (PCA) and hierarchical cluster analysis (HCA; Johnson et al. 2007) were 
conducted.  Because PCBs are known to be present in the general HSC region, surface 
sediment data generated by the TCEQ’s TMDL program (2002, 2003, 2008, and 2009) for 
sediments in the San Jacinto River estuary (including upstream of USEPA’s Preliminary Site 
Perimeter) and in Upper Galveston Bay (i.e., the area shown as SJFCA5 in Figure 5-14) were 
included in the analysis.11 
 
The results of the PCA indicated a high degree of correlation among the 12 dioxin-like PCBs 
across the whole dataset, with 97 percent of the variance in the dataset explained by the first 
principal component (PC1) alone (Figure 5-15).  This similarity in mixtures of the dioxin-like 
PCB congeners is indicated by the comparable magnitude and direction of PCB congener 
loadings on PC1 (Figure 5-15).  The loadings of each variable on the principal axes are 
depicted in Figure 5-15 by the size and direction of the arrows, each corresponding to one of 
the PCB congeners evaluated.  All arrows point in the negative direction with respect to 
PC1, and their orthogonal projections on the PC1 axis are of similar magnitude.  The second 
principal component (PC2) is only presented for the purposes of illustration, because it 
accounts for only 2 percent of the variance in the PCB dataset.  The shape of the data cloud 
in principal component space as a compact and contiguous cloud of points (Figure 5-15) also 
indicates that all samples have consistent PCB composition.  The three colors shown on 
Figures 5-15 and 5-16 indicate relatively small distinctions among the samples resulting from 
differences in concentrations across the dataset. 
 
The results of the HCA (Figure 5-16) reinforce this conclusion.  Distances among all samples 
are very small and differentiation occurs at the bottom of the cluster tree, indicating a high 
degree of multivariate similarity in the patterns of the 12 PCB congeners in all samples.  The 
separation of the samples into the three classes shown in the results of the HCA occurs along 
                                                 
11 This analysis was performed prior to May 2012 and therefore does not include the sediment samples collected 
from the Old River south of I-10. 
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the length of the first principal component (Figure 5-15).  This separation is driven primarily 
by absolute magnitude of concentrations, rather than pattern differences.  The left-most 
group (Figure 5-15), which is at the center of the HCA cluster tree in Figure 5-16, is 
populated by the samples with the highest concentrations, many of which are located within 
the perimeter of the impoundments north of I-10. 
 
Because absolute magnitude rather than multivariate patterns underlie differences among 
sediment samples, a comparison of the data with data from other areas of the HSC offers a 
wider geographic context for PCB concentrations throughout the San Jacinto system.  
Figure 5-17 presents the PCB concentrations expressed as TEQP,M (ND=0) for all available 
sediment samples from multiple areas of the system.  Notably, the range of TEQP,M (ND=0) 
concentrations in sediments within USEPA’s Preliminary Site Perimeter (excluding the 
northern impoundments) was comparable to the TEQP,M concentration range in samples 
collected by the TMDL program downstream of USEPA’s Preliminary Site Perimeter 
throughout the San Jacinto River estuary and Upper Galveston Bay.  The median 
concentration of TEQP,M in sediments within USEPA’s Preliminary Site Perimeter (excluding 
the northern impoundments) is comparable to the median for the areas of the HSC sampled 
by TCEQ in their TMDL program for PCBs. 
 
In summary, TEQP,M concentrations in sediments outside of the 1966 impoundment 
perimeter are not greatly elevated over the REV, and TEQP,M concentrations in all sediments 
within USEPA’s Preliminary Site Perimeter, inside and outside of the northern 
impoundments, are within the range of those collected well downstream in the estuary.  
PCA and HCA could not distinguish the mixture from within the northern impoundments or 
generally from within USEPA’s Preliminary Site Perimeter from the PCB mixtures in 
sediments in this broader area.  Thus, although PCBs are found sediments within the 
perimeter of the impoundments north of I-10, the impact on concentrations of this COC in 
sediments within USEPA’s Preliminary Site Perimeter is negligible in terms of 
concentrations and mixtures of the dioxin-like congeners, because both the mixture and the 
overall concentrations of dioxin-like PCBs in sediments within USEPA’s Preliminary Site 
Perimeter are not clearly and systematically different than elsewhere in the estuary. 
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5.2.3.4 Mercury Concentrations in Sediment 

The distribution of mercury in surface and subsurface sediments is shown in Figures 5-8a,b,c 
and 5-9.  Summary statistics for mercury in surface and subsurface sediments are included in 
Tables 5-8 and 5-10.  Mercury was detected in most surface and subsurface sediment samples, 
although many values are J-qualified (estimated).  The mercury REV is 0.1 mg/kg.  Values 
greater than the sediment REV for mercury are shown in bold on the figures. 
 
In surface sediments (Figures 5-8a,b,c), 12 of the 15 samples where mercury exceeds the REV 
are located within the original 1966 northern impoundment perimeter, including the 
maximum value of 2.83 mg/kg.  The three samples exceeding the REV outside the northern 
impoundment perimeter are all located north of I-10 and the concentrations measured at 
these locations (0.141, 0.102, and 0.104 mg/kg) only slightly exceed the REV. 
 
In subsurface sediments (Figure 5-9), six of the nine cores that have at least one sample 
interval where mercury exceeds the REV are located within the northern impoundment 
perimeter and concentrations measured in 10 samples from these cores are more than an 
order of magnitude greater than the REV.  Of the three cores with mercury concentrations 
in core intervals exceeding the REV outside the northern impoundments, two are north of 
the northern impoundments (SJNE033 and SJNE050).  The third is just southwest of the 
peninsula south of I-10.  The subsurface mercury concentrations measured in these three 
cores are all within an order of magnitude of the REV (maximum value of 0.707 mg/kg) and 
most exceed the REV by a factor of about 2 in cores north of I-10, and up to a factor of 6 in 
the sediment core from the peninsula south of I-10 at Station SJNE007. 
 
The spatial distribution and concentrations of mercury in surface and subsurface sediments 
within USEPA’s Preliminary Site Perimeter suggest that mercury may be associated with the 
paper mill wastes, but is also associated with soils on the western part of the upland sand 
separation area.  In sediments, mercury levels that are higher than the REV and outside of 
the northern impoundments are in sediments with relatively high percent fines and organic 
carbon levels.  Mercury is positively correlated with both parameters (Tables 5-11 and 5-12), 
which may partly explain the elevated levels relative to the REV.  However, additional local 
sources of mercury cannot be ruled out.   
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5.2.4 Tissue 

This section provides a general description of COCs in tissue using tables of summary 
statistics calculated for wet-weight concentrations of dioxins and furans as congeners and as 
TEQDF,M, total PCBs (calculated as the sum of congeners with nondetects equal to the 
detection limit), TEQP,M, and mercury.   
 
A detailed summary of the tissue collection efforts is provided in Section 2.1.2.2.  Tissue 
sampling was initially conducted in September and October 2010.  Tissue samples were 
collected from three FCAs (Figure 2-6):  

• FCA1 – Downstream of I-10, but within USEPA’s Preliminary Site Perimeter 
• FCA2 – In the area surrounding the impoundments north of I-10 and the upland sand 

separation area  
• FCA3 – Upstream of the northern impoundments and the upland sand separation area. 
 
Fish and blue crab samples were collected from these three FCAs (Figure 2-6).  For both 
hardhead catfish and blue crab, fillet or edible tissue and remainder (carcass) were analyzed 
for COPCs.  Whole-body concentrations for these species were calculated as a mass-
weighted concentration derived from concentrations in the edible and remainder samples, 
and the respective weights of these subsamples, as described in the Tissue SAP, Section 2 
(Integral 2010b).  Killifish and clams were collected at transects in locations where human or 
ecological receptors could be exposed to COCs (Figure 2-6). 
 
Tissue samples were also collected at background locations and results were used to develop a 
background dataset for tissue for this RI.  Cedar Bayou, a small tributary to the San Jacinto 
estuary near Morgan’s Point (Figure 2-8), served as the background area for catfish and crabs; 
clams and killifish were collected from the upstream background area sampled for sediments 
(Figure 2-7).  Additional sampling was conducted in October 2011 to augment the 
background dataset for dioxins and furans in edible blue crab and catfish fillet.  During the 
October 2011 sampling event, edible crab and catfish fillet were collected from the lower San 
Jacinto River estuary, near the mouth of Cedar Bayou and downstream of the Fred Hartman 
Bridge (Figures 2-9 and 2-19). 
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Four types of organisms were targeted for collection and analysis: 

• Blue crabs – Both edible tissue and whole bodies of crabs were analyzed, to support 
human health and ecological risk assessments, respectively.  Only male crabs were used 
in compositing because females tend to migrate across much greater distances than males 
of this species. 

• Hardhead catfish – Both edible tissue and whole bodies were collected to support human 
health and ecological risk assessments. 

• Rangia cuneata clams – Clams were co-located with sediment collection sites in 
nearshore locations.  Soft tissue (everything internal to the shell) was analyzed to support 
the human health and ecological risk assessments.   

• Gulf killifish – Forage fish (Gulf killifish) were collected at the nearshore locations.  
Whole bodies were analyzed and used to support the ecological risk assessment (to 
evaluate risk to the fish themselves and to wildlife).   

 
Summary statistics within each FCA, in wet-weight concentrations of dioxins and furans, 
total PCBs, TEQ concentrations, and mercury are presented in Table 5-13 for edible crab, 
Table 5-14 for whole crab, Table 5-15 for catfish fillet, Table 5-16 for whole catfish, 
Table 5-17 for clam, and Table 5-18 for whole killifish. 
 
Summary statistics presented include the mean, calculated with all data including nondetects 
substituted at one-half the detection limit, the range of detected values, and detection 
frequencies.  All data for individual PCB congeners in lipid normalized (lipid weight) and 
wet-weight concentrations, and the lipid weight concentrations of organic chemicals and 
TEQs in each tissue type, are presented in Appendix C.  
 

5.2.4.1 COC Concentrations in Fish Tissue Relative to Fish Age 

In comments on the draft of this report (Miller 2013a, pers. comm.) and the draft BHHRA 
(Miller 2013b, pers. comm.), USEPA asked for more detail on the rationale for the selection 
of tissue types targeted in the tissue study conducted for the RI.  The comments were 
specifically concerned that use of hardhead catfish for the human exposure assessment may 
not be representative of fish typically captured and consumed by anglers.  The potential for 
age-related increases in fish tissue concentrations of mercury, PCBs, and dioxins and furans 
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was also identified in USEPA comments as a potential source of uncertainty; USEPA was 
concerned that the selection of hardhead catfish as a representative of species caught and 
ingested by anglers, and the sizes of fish captured in the sampling effort, could have exerted a 
downward bias on the risk assessment.   
 
Section 2.1.2.2 provides a summary of the rationale and historical data supporting selection 
of hardhead catfish as a conservative model of the fish that potentially could be caught 
within USEPA’s Preliminary Site Perimeter and consumed by anglers.  The rationale and 
supporting information were originally presented in the Tissue SAP, which incorporated 
USEPA input and was approved by USEPA prior to conducting the sampling.  This section 
addresses the concerns expressed in USEPA comments about the potential that age-related 
increases in tissue concentrations of COCs could result in a downward bias in the exposure 
assessment if the full range of ages of fish caught and eaten by potential anglers was not 
represented in the data.   
 
The Tissue SAP did not include a component to collect tissue samples based on 
considerations of fish age, nor to assess the age of sampled fish.  In fact, because multiple fish 
were composited to form each fillet sample, each sample theoretically represents multiple 
fish ages.  For these reasons, there is no way to estimate tissue concentrations on the basis of 
any age-concentration relationship that might be available.  Moreover, although some 
research has shown that methylmercury can accumulate in fish tissue over time, resulting in 
a correlation between fish age and mercury concentrations in tissue (e.g., Lange et al. 1993; 
Grieb et al. 1990), demonstrations of such a relationship for PCBs are less common than for 
mercury, and such demonstrations for dioxins and furans were not found.  Although a 
comprehensive literature search was not conducted, one experimental study was found 
(Wang and Lee 2010) in which concentrations of PCBs and dioxins and furans in orange-
spotted grouper (Epinephelus coioides) were monitored from hatch to 3 years of age.  
 
Wang and Lee (2010) exposed orange-spotted grouper to dioxin and furan congeners and to 
dioxin-like PCB congeners in a controlled experiment, and monitored tissue concentrations 
from hatchlings to 36-month-old fish, resulting in congener concentration data for five 
separate ages.  The wet-weight concentrations of each PCB congener, and both lipid-
normalized and wet-weight concentrations of the sum of PCB congeners and the TEQP,M, 
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increase with fish age.  This trend was not strongly demonstrated for dioxins and furans.  
Wet-weight concentrations of TCDD and, to a lesser degree, TCDF increased in the orange-
spotted grouper with age, but lipid-normalized concentrations of these congeners were 
unchanged with fish age.  Wet-weight concentrations of all other congeners, and the sum of 
dioxin and furan congeners, did not increase with age, and in some cases decreased with fish 
age.  The lipid-normalized total PCDD and total PCDF concentrations both decreased with 
fish age.  Other experimental studies addressing age-concentration relationships for dioxins 
and furans were not found.   
 
Field studies are considered less reliable with respect to the question of age-concentration 
relationships because they use wild fish with uncertain and uncontrolled exposures.  
Although field studies have been published on this topic (e.g., Roots et al. 2006, Pandelova et 
al. 2008), their findings were equivocal with respect to the question of age-related increases 
in concentrations of dioxins and furans in fish tissue.  Therefore, on the basis of Wang and 
Lee (2010), it appears that there is some potential for PCB concentration to increase with fish 
age, but dioxins and furans are not consistently expected to increase with fish age.  This is 
consistent with the Bioaccumulation Tech Memo (Integral 2010a), which finds that dioxins 
and furans have limited potential for bioaccumulation and biomagnification in fish and 
benthic invertebrates because there are biological limits on uptake and because fish and 
invertebrates can metabolize and excrete dioxins and furans to an extent that varies for the 
different congeners. 
 
As noted in Section 2.1.2.2., the selection of hardhead catfish was consistent with protocols 
described by the TDSHS (2007) Quality Assurance Project Plan for its tissue monitoring 
program.  That document indicates that hardhead catfish is a suitable estuarine fish species 
for tissue chemistry monitoring.  The TDSHS methods do not specify that fish age data be 
collected and, in the case of hardhead catfish, do not indicate a fish length limit.  The length 
limit given in the TDSHS methods for the other estuarine fish species considered suitable for 
monitoring is typically 12 inches (305 mm) or greater.  Hardhead catfish collected during the 
2010 tissue study for the RI ranged from 11.8 to 15.7 inches (300 to 400 mm).  The fish tissue 
data used for the RI are therefore consistent with fish tissue data used by TDSHS for 
monitoring chemical contamination of edible tissues.   
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Finally, because the sizes of fish collected in background areas and within USEPA’s 
Preliminary Site Perimeter were comparable, it is expected that any fish age-related bias in 
COPC concentrations in tissue would affect both site and background data in the same way.  
For mercury and PCBs, for which relationships between fish age and tissue concentrations 
may exist, the conclusions about relative risk would not change. 
 

5.2.4.2 Dioxin and Furan Concentrations in Tissue 

Dioxins and furans were generally detected in tissue samples both within and outside of 
USEPA’s Preliminary Site Perimeter.  In some samples, many congeners were never 
detected.  Data for blue crab, hardhead catfish, clams, and Gulf killifish are summarized in 
this section. 
 

5.2.4.2.1 Blue Crab 

Mean TEQDF,M concentrations in edible blue crab tissue range from 0.146 ng/kg at FCA3 to 
0.739 ng/kg in FCA1 (Table 5-13).  Means for edible crab tissue in FCA2 and FCA3 at 
0.23 and 0.146 ng/kg, respectively, are closer to the background mean (0.157 ng/kg) than to 
the mean in FCA1.  Also, in FCA2 and FCA3, the mean TEQDF,M is similar to the mean 
TEQP,M in edible crab, while in FCA1, the mean TEQDF,M is much higher than the mean 
TEQP,M.  The majority of dioxin and furan congeners were never detected in edible crab in 
FCA2 and FCA3, which was also true in Cedar Bayou and in crab tissue from FCA5, in the 
lower San Jacinto River estuary.  
 
In all FCAs within USEPA’s Preliminary Site Perimeter, 2,3,7,8-TCDF has the highest mean 
and the highest individual concentrations among the dioxin and furan congeners in crab 
tissue.  In Cedar Bayou, only OCDD was detected in edible crab tissue, TCDF was not 
detected, and the congener with the highest individual concentration is OCDD (Table 5-13).  
In the entire background edible crab dataset, five congeners were detected: 2,3,7,8-TCDD, 
2,3,7,8-TCDF, OCDD, octachlorinated dibenzofurans (OCDF), and 1,2,3,4,6,7,8-hexachloro-
dibenzo-p-dioxin.  Most of these were detected in one sample only. 
 
Dioxin and furan concentrations are higher in whole crab in all three FCAs than in edible 
crab tissue (Tables 5-13 and 5-14).  This pattern is common with lipophilic chemicals because 
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the whole body contains several lipid-rich organs, resulting in whole-body samples often 
having higher wet-weight concentrations.  However, the difference in the mean and 
maximum TEQDF,M (and TEQP,M) concentrations in whole relative to edible crab is 
substantially greater for samples from FCAs within USEPA’s Preliminary Site Perimeter than 
in samples from Cedar Bayou. 
 

5.2.4.2.2 Catfish 

Mean TEQDF,M concentrations in hardhead catfish fillet within USEPA’s Preliminary Site 
Perimeter range from 2.94 ng/kg to 3.87 ng/kg with the highest mean and the highest 
maximum in FCA2 (Table 5-15).  The overall range of TEQDF,M concentrations in catfish fillet 
from FCAs 1 through 3 is 0.801 ng/kg in FCA 1 to 5.85 ng/kg in FCA2, with the three 
maximum values for the three FCAs being fairly similar.  Overall, ranges, minima, and 
maxima of TEQDF,M concentrations in catfish fillet among FCAs suggest that these samples 
comprise one population statistically, a conclusion which was tested in the EA Memo 
(Integral 2012a, Section 3.4.2) using two-way comparisons with the MWW test, and 
subsequent evaluation of Euclidean distance.  Results indicated that TEQDF,M in catfish fillet 
from FCA3 are more similar to those in FCA2 than they are to those in FCA1, and data for 
FCA2 and FCA3 were ultimately pooled for the risk analysis.  
 
Concentrations of both TEQDF,M and TEQP,M were noticeably higher in whole catfish 
(Table 5-16) than in any other tissue category in the RI dataset.  In whole catfish, FCA3 had 
the widest range of TEQDF,M concentrations for all areas sampled, whereas in fillet, FCA1 had 
the widest range. 
 

5.2.4.2.3 Common Rangia 

Edible clam tissues had the highest mean and maximum TEQDF,M concentrations within 
USEPA’s Preliminary Site Perimeter, with both the highest mean and the highest maximum 
in FCA2.  The mean TEQDF,M in clams in FCA2 is 7.89 ng/kg, where the maximum TEQDF,M is 
27 ng/kg, nearly as high as the maxima for whole catfish in FCA1 and FCA2.  In addition, all 
but three dioxin and furan congeners were detected at least once in FCA2; in all other areas 
(including background), the same four congeners were detected in clams: 2,3,7,8-TCDD, 
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1,2,3,4,6,7,8-HpCDD, 2,3,7,8-TCDF, and OCDD (Table 5-17).  Other congeners were never 
detected in clams from FCA1 and FCA3 nor in clams from upstream. 
 

5.2.4.2.4 Killifish 

Dioxins and furans were never detected in killifish samples from FCA1, and only two dioxin 
congeners (1,2,3,4,6,7,8-HpCDD and OCDD) and one furan congener (2,3,7,8-TCDF) were 
detected in killifish from FCA3 (Table 5-18).  A total of seven dioxin and furan congeners 
(2,3,7,8-TCDD, 1,2,3,4,6,7,8-HpCDD, OCDD, 2,3,7,8-TCDF, 2,3,4,7,8-pentachlorodibenzo-
furan, 1,2,3,4,7,8-hexachlorodibenzofuran [HxCDF], and 1,2,3,6,7,8-HxCDF) were detected 
in killifish from FCA2 (see Table 5-18).  The maximum TEQDF,M concentration in killifish 
(10.1 ng/kg) was in killifish from FCA2.   
 
In upstream background, two additional furan congeners (1,2,3,4,6,7,8-heptachloro-
dibenzofurans and OCDF) were detected in killifish; these congeners were not detected in 
any killifish samples from within USEPA’s Preliminary Site Perimeter.  Maximum 
background TEQDF,M and TEQP,M concentrations were 0.307 ng/kg and 0.653 ng/kg, 
respectively. 
 

5.2.4.2.5 Patterns and Trends of Dioxin and Furan Concentrations in Tissue 

Spatial patterns of dioxin and furan concentrations as TEQDF,M in tissue vary by species.  
TEQDF,M in hardhead catfish are highest in FCA2, but do not vary greatly across the three 
FCAs within USEPA’s Preliminary Site Perimeter.  In contrast, TEQDF,M concentrations in 
blue crab tissue are noticeably higher in FCA1, south of I-10, than in the other FCAs, where 
TEQDF,M concentrations in crab are much closer to concentrations in crabs collected from 
background areas.  Both crab and catfish are fairly mobile, and their specific movement 
patterns are not well-described.  Annual or seasonal migrations likely include movements to 
and from areas outside of USEPA’s Preliminary Site Perimeter that can contribute dioxins 
and furans to their tissue burdens.  
 
In contrast, common Rangia is a bivalve; individuals live in the sediments and are sessile.  At 
less than 6 inches long, the Gulf killifish is small and not adapted for movement through 
areas with strong currents.  The killifish therefore has relatively limited spatial movements, 
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and tends to stay near shorelines.  Tissue concentrations of both species, and particularly the 
clam, appear to reflect localized exposures to COCs integrated over time.  Because of their 
limited movements, tissue data for these species supports evaluation of the spatial 
distribution of biotic exposures to paper mill waste-related dioxins and furans and other 
COCs in sediment.  Crab and catfish contribute primarily to the risk evaluation, but do not as 
clearly inform the nature and extent evaluation. 
 

5.2.4.2.6 Spatial Patterns in Tissue TEQDF,M within USEPA’s Preliminary Site 
Perimeter 

The spatial patterns of TEQDF,M concentrations in common Rangia and in the Gulf killifish 
appear to be closely related to proximity to the impoundments north of I-10 (Figure 5-18).12  
For both species, the maximum TEQDF,M concentrations (and the most variable) occur at 
Transect 3, where they were collected directly adjacent to the wastes in the impoundments 
north of I-10 prior to implementation of the TCRA.  The second highest TEQDF,M 
concentrations for both species are at Transect 5, adjacent to the upland sand separation area.  
In clam, which has higher TEQDF,M than the Gulf killifish in general, changes in TEQDF,M 
concentrations moving from upstream (Transects 7 and 8; Figure 2-7) onto (Transect 6) and 
through the area within USEPA’s Preliminary Site Perimeter (Transects 4, 5, 3, and 1; 
Figure 2-6) seem to directly reflect the general pattern of dioxins and furans in sediment 
(Figure 5-18).  This is consistent with the finding in the PSCR that concentrations of 
individual dioxin and furan congeners in clams are better correlated with those in sediment 
than for other species collected for this RI.  TEQDF,M concentrations in Gulf killifish, which 
are not strictly sessile, do not live directly in the sediment, and do not rely exclusively on 
benthic organisms for food, are not noticeably different in Transects 6, 4, and 2, which are 
not directly adjacent to the impoundments north of I-10, than concentrations in Gulf 
killifish from upstream background areas.  The pattern observed for both species is consistent 
with USEPA’s (2009c) National Study of Chemical Residues in Lake Fish Tissue, which found 
that benthic fish species overall had higher concentrations of dioxins and furans than 
predatory fish species, strongly suggesting that concentrations of dioxins and furans in 
aquatic species are best understood as a function of proximity to sediments in which dioxins 

                                                 
12 For the purposes of this illustration, TEQDF,M concentrations in this figure were calculated with ND = 0, 
because of the large number of congeners that were not detected in tissue, particularly in the Gulf killifish. 
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and furans are present, and not position on the food chain.  Specification of the source or 
sources of dioxin and furans in fish and crab tissue, however, is not possible because these 
species are mobile and their movements are not described.  Also, fish and invertebrates 
continuously metabolize and excrete dioxins and furans, making tissue concentrations 
dynamic such that the specific source of any given congener or of the dioxin and furan 
mixture in tissue cannot be identified (Integral 2010a). 
 

5.2.4.3 PCB Concentrations in Tissue 

5.2.4.3.1 Blue Crab 

PCBs were detected in all edible and whole crab samples, including those from background.  
Like dioxins and furans, total PCB concentrations (as the sum of all congeners with 
nondetects set to one-half the detection limit) are higher in whole crab than in edible crab 
(Tables 5-13 and 5-14), and the difference in the maximum total PCB concentration in whole 
relative to edible crab is substantially greater within USEPA’s Preliminary Site Perimeter 
than in Cedar Bayou.  Among edible crab samples, background minimum, maximum, and 
mean total PCB concentrations are 0.55 µg/kg, 2.1 µg/kg, and 1.29 µg/kg, respectively.  
Within USEPA’s Preliminary Site Perimeter, mean total PCB concentrations in edible crab 
tissue range from 2.0 µg/kg in FCA1 to 7.4 µg/kg in FCA2.  Similarly, the highest mean 
TEQP,M occurs in FCA2, where the overall maximum TEQP,M also occurs.  The spatial pattern 
of PCBs in crab is therefore different from that of dioxins and furans as TEQDF,M, for which 
the highest concentrations in crab tissue are in FCA1.  
 

5.2.4.3.2 Hardhead Catfish 

PCBs were detected in all catfish samples, including those from Cedar Bayou (Tables 5-15 
and 5-16).  Total PCB concentrations are higher in whole catfish tissue samples than in 
catfish fillet, both from within USEPA’s Preliminary Site Perimeter and in Cedar Bayou.  
Total PCBs in Cedar Bayou catfish fillet samples range from 25.5 to 88.4 µg/kg, with a mean 
total PCB concentration of 46.5 µg/kg.  Within USEPA’s Preliminary Site Perimeter, the 
mean total PCB concentrations in catfish fillet ranges from 97.7 µg/kg in FCA1 to 107 µg/kg 
in FCA3.  The smallest range in total PCB concentrations in catfish fillet occurs in FCA2, 
which has the highest minimum among the FCAs within USEPA’s Preliminary Site 
Perimeter.  Mean and median total PCB concentrations in catfish tissue samples from all 
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three FCAs are greater than those in catfish collected from the Cedar Bayou background 
sampling area.  
 
In contrast to TEQDF,M in catfish fillet tissue, the highest maximum and mean concentrations 
for TEQP,M are in fish from FCA3 at 2.79 ng/kg and 1.36 ng/kg, respectively.  Patterns are 
similar for whole catfish, except the highest maximum is in FCA3 while the highest mean is 
in FCA1.  In whole catfish from all three FCAs, differences in the TEQP,M concentrations 
within USEPA’s Preliminary Site Perimeter relative to those from Cedar Bayou are much 
smaller than the differences between these two locations for TEQDF,M.  
 

5.2.4.3.3 Common Rangia 

PCBs were detected in all edible clam tissue samples, including background (Table 5-17).  
Within USEPA’s Preliminary Site Perimeter, mean total PCB concentrations ranges from 
23.6 µg/kg in FCA1 to 46.1 µg/kg in FCA2.  The range is 20.2 µg/kg in FCA2 to 95.4 µg/kg in 
FCA2.  Background minimum, maximum, and mean total PCB concentrations are 9.54 µg/kg, 
17.8 µg/kg, and 12.9 µg/kg, respectively.   
 
Concentrations of TEQP,M are generally lower in clams than those of TEQDF,M within USEPA’s 
Preliminary Site Perimeter.  The mean TEQP,M is higher in FCA2 (0.502 ng/kg) than its mean 
in FCA1 (0.22 ng/kg) or FCA3 (0.366 ng/kg).  The same pattern holds for maximum values 
within the three FCAs (Table 5-17).  Clams from FCA1 have the lowest maximum 
(0.271 ng/kg) and the lowest median (0.225 ng/kg) TEQP,M concentrations.  In comparison, 
the minimum, maximum, and mean upstream background TEQP,M concentrations are 
0.118 ng/kg, 0.283 ng/kg, and 0.181 ng/kg, respectively.  Concentrations of TEQP,M in clams 
(and killifish) are not significantly different in FCA1 than in the upstream background area 
(Table 6-54 of PSCR). 
 

5.2.4.3.4 Gulf Killifish 

PCBs were detected in all Gulf killifish tissue samples, including in upstream background 
samples (Table 5-18).  Within USEPA’s Preliminary Site Perimeter, mean total PCB 
concentrations range from 36.2 µg/kg in FCA1 to 82.6 µg/kg in FCA2.  The maximum TEQP,M 

concentration in killifish (2.92 ng/kg) is also for FCA2.  Background minimum, maximum, 
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and mean total PCB concentrations are 10.2 µg/kg, 14.6 µg/kg, and 12 µg/kg, respectively.  
Mean total PCB concentrations detected Gulf killifish tissue samples from within USEPA’s 
Preliminary Site Perimeter are significantly greater than in background Gulf killifish tissue, 
but TEQP,M is not significantly different in FCA1 or FCA3 than in background (Table 6-54 of 
PSCR).   
 

5.2.4.3.5 Patterns and Trends of PCBs in Tissue 

Tissue concentrations can be helpful in indicating locations of sources of COPCs to biota, 
with important caveats.  Specifically, factors such as the duration of exposure, spatial 
movements, or reproductive status, all of which may affect wet-weight concentrations, are 
unknown for any given individual.  These and other factors are potentially important sources 
of variability in the data.  Like dioxins and furans, which were variable across USEPA’s 
Preliminary Site Perimeter, PCB concentrations as total PCBs or as TEQP,M also vary across 
USEPA’s Preliminary Site Perimeter.  However, PCBs in tissue do not indicate a clear spatial 
pattern linking increases in tissue concentrations with proximity to the northern 
impoundments.  They also do not mirror patterns for TEQDF,M, which would be expected if 
the wastes in the impoundments were a source of PCBs to these tissues to the same extent as 
they may be for dioxins and furans.  For example: 

• The TEQP,M minima for edible and whole blue crab are in FCA1, and the maximum 

TEQP,M concentrations in edible and whole blue crab are in FCA2.  In contrast, the 
highest maximum and mean concentrations of TEQDF,M, in crab were in FCA1. 

• The TEQP,M maximum and minimum for catfish fillet are in FCA3, while the maximum 
total PCBs in whole catfish is in FCA2. 

• Minima for both TEQP,M and total PCBs in whole catfish are in FCA2, but the maximum 
TEQP,M in whole catfish (11.5 ng/kg) is in FCA3, while the maximum total PCB 
concentration in whole catfish (845 µg/kg) is in FCA2.  

 
Therefore, the pattern of spatial variation for PCBs in tissues differs from that for dioxins and 
furans.  The FCA with the minimum TEQP,M concentration often does not correspond to the 
FCA with the minimum total PCBs for that tissue type, and the FCA with the maximum 
TEQP,M concentrations does not always correspond to the FCA with the maximum total PCBs 
concentration.  
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Differences in the variability of PCBs in tissue from dioxins and furans in tissue suggest that 
the extent to which paper mill wastes in the northern impoundments may be a source of 
PCBs to tissue is not directly parallel to the extent to which dioxins and furans in tissue may 
reflect exposure to the wastes in the northern impoundments.  To some extent, the 
variability in PCB tissue concentrations reflects the differences in the bioaccumulation 
behavior between PCBs as a group and the bioaccumulation behavior of dioxins and furans.  
PCBs are not readily excreted by aquatic species, tending to accumulate and biomagnify.  For 
dioxins and furans, bioaccumulation potential is limited and overall patterns are much harder 
to generalize because of congener-specific variation in uptake and elimination rates 
(Integral 2010a).  It is also notable that in background areas, the TEQP,M is greater than the 
TEQDF,M for several tissue types, and although most PCB congeners are detected in tissue, 
fewer dioxin and furan congeners are detected in background tissue samples.  In contrast, 
within USEPA’s Preliminary Site Perimeter, the TEQP,M is less than the TEQDF,M for most 
tissue types, reflecting both the high importance of dioxins and furans to the TEQDFP,M 
concentrations relative to PCBs, and the widespread distribution of PCBs in the urban 
environment, including in a relatively uncontaminated area like Cedar Bayou.  Together, the 
difference in the importance of PCBs in background tissue relative to dioxins and furans, and 
the spatial variation across the area within USEPA’s Preliminary Site Perimeter suggest that 
there are diffuse PCB sources to tissues collected within USEPA’s Preliminary Site Perimeter.  
For catfish and crabs captured within USEPA’s Preliminary Site Perimeter, the variability 
described above highlights that there are also exposures to PCBs across a wider area.  
Contributions to PCB concentrations in tissue from both of these conditions appear to be 
evident in addition to any contribution from the paper mill waste in the impoundments 
north of I-10. 
 
To better understand the spatial distribution of PCBs as a source to tissue concentrations, the 
spatial patterns in TEQP,M in tissue of species with relatively small home ranges (clam and 
killifish) are discussed below.  To better understand the role of PCBs associated with paper 
mill waste-related sources relative to background sources of PCBs, information from the 
TCEQ’s TMDL program for the region is also summarized below. 
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Spatial Patterns in Tissue PCBs within USEPA’s Preliminary Site Perimeter 

When only clam and Gulf killifish data for TEQP,M (i.e., species with limited ranges of 
movement) are used to evaluate spatial patterns at the transect scale, the spatial pattern of 
PCBs in tissues (Figure 5-19)13 differs from that of dioxins and furans.  In clams, differences 
in TEQP,M concentrations between the two upstream (background) transects are apparent, 
and the greatest variability is observed at Transect 4, which is northeast of the northern 
impoundments.  The TEQP,M in clams is lower at Transect 5 (adjacent to the upland sand 
separation area) than at Transect 6, the most upstream transect within USEPA’s Preliminary 
Site Perimeter.  The median TEQP,M value at Transect 3 is about the same as at Transect 4.  A 
stormwater outfall discharges directly adjacent to the island where Transect 4 was located, 
and urban stormwater can be a source of PCBs to estuaries (Howell et al. 2011a).  TEQP,M 
concentrations in clams have low variability in most locations, except at Transect 4. 
 
In Gulf killifish, the spatial pattern upstream is similar to the pattern for clams, in which 
concentrations at Transect 7 are somewhat greater and more variable than in the most 
upstream area, Transect 8, and at Transect 6.  For Gulf killifish, the elevated tissue 
concentrations of TEQP,M at Transect 3, adjacent to the northern impoundments, is more 
pronounced than for clams.  Generally, the variability in TEQP,M is greater than that for 
TEQDF,M for all locations.  However, as for TEQDF,M in killifish, there is little difference in the 
median concentrations of TEQP,M in Transects 2, 4, and 6 than in those from those upstream.  
That Gulf killifish may be more highly exposed to dioxin-like PCBs at Transects 3 and 5 than 
elsewhere within USEPA’s Preliminary Site Perimeter is consistent with the pattern in 
TEQDF,M. 
 

Spatial Patterns in PCBs from the Houston Area 

Data describing concentrations of PCBs in catfish and crab tissue were collected from 
SJFCA5 by the TCEQ for the TMDL program, and by the TDSHS from 2002 to the present.  
TCEQ and TDSHS sampling locations within SJFCA5 are shown in Figure 5-14.  
Concentrations of PCBs in tissue samples (as TEQP,M) from SJFCA5 (Figure 5-14) were 
compared to the RI/FS data for Cedar Bayou.   

                                                 
13 For the purposes of this illustration, TEQP,M concentrations in this figure were calculated with ND = 0, 
because of high-biasing nondetects in the Gulf killifish data for some PCB congeners. 
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Simple visual comparisons of TEQP,M data for catfish fillet and edible crab from Cedar Bayou 
with data from SJFCA5 are presented in Figures 5-20 and 5-21, respectively.  These 
illustrations show data for individual samples and aggregate statistics for TEQP,M in edible 
blue crab (Figure 5-21) and TEQP,M for hardhead catfish fillet (Figure 5-20).  These bar graphs 
illustrate that the concentrations of TEQP,M in these two tissue types from Cedar Bayou are 
substantially lower than those in the general area.  In all cases, the TEQP,M concentration in 
tissue from Cedar Bayou is statistically significantly lower than the concentrations in the 
corresponding tissue from SJFCA5 (Mann-Whitney-Wilcoxon, p < 0.05).  It is also notable 
that TEQP,M concentrations in samples of both tissue types closer to Buffalo Bayou have 
higher concentrations than downstream in the estuary, and that TEQP,M in these samples are 
higher than those in Cedar Bayou.   
 
This general pattern suggests that Buffalo Bayou is an important source of PCBs to the overall 
environment of the HSC.  Mobile species such as catfish and crab could move through or 
linger in areas influenced by PCBs coming from Buffalo Bayou and areas nearby, and later 
move into USEPA’s Preliminary Site Perimeter.  Because PCBs are not readily excreted by 
aquatic organisms, at least some and probably most of those PCBs from such sources are still 
present when the crab and catfish appear within USEPA’s Preliminary Site Perimeter.  This 
would help to explain the apparently random spatial distribution of PCBs in crab and catfish 
tissue within USEPA’s Preliminary Site Perimeter, and the inconsistencies with TEQDF,M in 
tissue within USEPA’s Preliminary Site Perimeter, most notably for crab.  Moreover, 
Figures 5-20 and 5-21 also highlight the difference between TEQP,M within USEPA’s 
Preliminary Site Perimeter, and concentrations elsewhere in the region, in each of these 
tissue types.  Wet-weight concentrations of TEQP,M in catfish fillet within USEPA’s 
Preliminary Site Perimeter range from 0.282 ng/kg to 2.79 ng/kg, and this full range is 
observed in FCA3 (Table 5-15).  Figure 5-20 shows a much wider range in this parameter, 
with three samples from the lower San Jacinto River estuary having TEQP,M concentrations 
greater than 10 ng/kg.  Similarly, for edible crab, concentrations of TEQP,M range from 
0.065 ng/kg to 0.547 ng/kg within USEPA’s Preliminary Site Perimeter, with the maximum 
in FCA2.  Regionally in the San Jacinto River estuary, there is a higher minimum and two 
examples where the concentration is greater than 2 ng/kg. 
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Although the spatial pattern in TEQP,M concentrations in clam tissue indicates some role for 
the wastes in contributing to PCB burdens in tissue of aquatic life within USEPA’s 
Preliminary Site Perimeter, other sources from within USEPA’s Preliminary Site Perimeter 
appear to impact some tissues (i.e., killifish at Transect 4).  Sources from outside USEPA’s 
Preliminary Site Perimeter likely also play a role in the PCB tissue concentrations in mobile 
species.  The low values for TEQP,M relative to TEQDF,M in clam, the best indicator of area-
specific exposures, suggests that the wastes from the northern impoundments at most play a 
relatively small role in the overall PCBs burdens in tissue within USEPA’s Preliminary Site 
Perimeter, and a small role in the dioxin-like toxicity in aquatic tissues.  
 

5.2.4.4 Mercury Concentrations in Tissue 

5.2.4.4.1 Blue Crab 

Mercury was detected in all edible and whole crab samples, including background.  Mercury 
concentrations are higher in edible crab than in whole crab (Tables 5-13 and 5-14).  Among 
edible crab samples, background minimum, maximum, and mean mercury concentrations 
were 0.0149 mg/kg, 0.0364 mg/kg, and 0.0205 mg/kg, respectively.  Within USEPA’s 
Preliminary Site Perimeter, mean mercury concentrations in each FCA ranged from 
0.0292 mg/kg (FCA2) to 0.0527 mg/kg (FCA1), somewhat greater than the mean mercury 
concentration in background crab tissue.   
 

5.2.4.4.2 Hardhead Catfish 

Mercury was detected in all catfish samples, including background (Tables 5-15 and 5-16).  
Mercury concentrations were generally higher in catfish fillet samples than in whole catfish 
tissue samples.  Among catfish fillet samples, background minimum, maximum, and mean 
mercury concentrations were 0.0801 mg/kg, 0.197 mg/kg, and 0.126 mg/kg, respectively.  
Mean mercury concentrations in the FCAs within USEPA’s Preliminary Site Perimeter 
ranged from 0.0856 mg/kg (FCA3) to 0.159 mg/kg (FCA1).  The mean mercury concentration 
only in FCA1 was greater than the mean mercury concentration in background. 
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5.2.4.4.3 Common Rangia  

Among edible clam tissue samples, mercury was detected in samples collected in FCA1, 
FCA3, and background (Table 5-17).  Mercury was detected in 13 of 15 edible clam tissue 
samples in FCA2.  Background minimum, maximum, and mean mercury concentrations 
were 0.0046 mg/kg, 0.008 mg/kg, and 0.00617 mg/kg, respectively.  Mean mercury 
concentrations in clams from FCAs within USEPA’s Preliminary Site Perimeter ranged from 
0.00942 mg/kg (FCA1) to 0.0127 mg/kg (FCA3).   
 

5.2.4.4.4 Gulf Killifish 

Mercury was detected in all killifish tissue samples, including background (Table 5-18).  
Background minimum, maximum, and mean mercury concentrations were 0.0225 mg/kg, 
0.0694 mg/kg, and 0.0393 mg/kg, respectively.  Within USEPA’s Preliminary Site Perimeter, 
mean mercury concentrations ranged from 0.028 mg/kg (FCA1) to 0.0665 mg/kg (FCA3).   
 

5.2.4.4.5 Patterns and Trends of Mercury in Tissue 

As for the other COCs, concentrations of mercury in clams and killifish were plotted for each 
transect (Figure 5-22).  For both tissue types, there is significant variability in the mercury 
concentrations at Transect 4.  Overall variability in clams is lower than in Gulf killifish.  The 
highest median mercury concentration in clams is at Transect 3, but this is similar to the 
median at Transect 6, and there is a higher maximum at Transect 6.  This is consistent with 
the relatively elevated mercury in soils in the upland sand separation area, which is adjacent 
to Transect 6.  Mercury in Gulf killifish is highly variable in Transects 3, 4, 6, and 8, and the 
highest median is at Transect 6.  Concentrations upstream, at Transect 8, are higher than in 
fish from Transects 5 and 2.  These observations and the elevated and relatively variable 
concentration at Transect 4 (the location of the stormwater outfall) strongly suggest that the 
waste in the northern impoundments is not the only or even the primary source of mercury 
to fish and clam tissues within USEPA’s Preliminary Site Perimeter.  Instead, there is 
evidence of both upstream sources, sources within USEPA’s Preliminary Site Perimeter on 
the eastern shore at Transect 4, and sources within USEPA’s Preliminary Site Perimeter near 
Transect 6 at the upland sand separation area. 
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5.3 TCRA Cap Porewater Assessment  

An assessment of TCDD and TCDF in porewater of the TCRA armored cap was performed in 
May through July 2012.  It was performed to support assessment of the effectiveness of the 
TCRA armored cap, and to address uncertainties identified by USEPA in comments on the 
draft PSCR regarding a possible groundwater-to-surface water transport pathway for dioxins 
and furans originating in the wastes within the original 1966 perimeter of the impoundments 
north of I-10, as described in the TCRA Cap Porewater Assessment SAP (Integral and 
Anchor QEA 2012b).  The objective of the TCRA armored cap porewater assessment was to 
generate new information relevant to two study elements described in the RI/FS Work Plan 
(Anchor QEA and Integral 2010a): 

• Study Element 3 – Physical CSM and Fate and Transport Evaluation 
• Study Element 4 – Engineering Construction Evaluation. 
 
For Study Element 3, the sampling objective was to determine whether vertical 
concentration gradients are present within the TCRA armored cap, and whether porewater 
concentrations in the TCRA armored cap differ from those in surface water immediately 
above the TCRA armored cap.  The absence of vertical gradients in porewater concentrations 
of 2,3,7,8-TCDD and 2,3,7,8-TCDF is interpreted to indicate that there are no ongoing 
releases of these congeners from the wastes into the surface water.  Results of this study may 
also be used to estimate dissolved concentrations of 2,3,7,8-TCDD and 2,3,7,8-TCDF in 
porewater of the TCRA armored cap. 
 
Data generated from this sampling event for Study Element 4 also support evaluation of 
remedial alternatives that incorporate the TCRA armored cap into the final remedy.  The 
data can be used to support decisions about whether, and in what manner, the operations 
monitoring and maintenance plan should address porewater and surface water quality.  
 

5.3.1 Methods 

Information to support evaluation of the presence or absence of a vertical gradient of 
concentrations of 2,3,7,8-TCDD and 2,3,7,8-TCDF in porewater and surface water was 
collected with SPME fibers during the TCRA armored cap porewater monitoring effort.  
These two congeners were chosen because they are known to be associated with the paper 
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mill waste of the kind that may have been deposited in the northern impoundments (e.g., 
Table 9, Integral 2011e), and they are significant contributors to total TEQDF,M concentrations 
in sediments within the 1966 perimeter of the northern impoundments.  Both are 
hydrophobic with similar estimated ranges of octanol-water partition coefficients (KOW).   
 
Deployment of SPME fibers into the sediment matrix is an equilibrium extraction technique 
used to sense dissolved concentrations of hydrophobic organic compounds in porewater, and 
does not require prohibitively large volumes of porewater for analysis (Mayer et al. 2000).  
SPME samplers were used to evaluate whether gradients in dissolved concentrations of 
2,3,7,8-TCDD and 2,3,7,8-TCDF (the target compounds) may be present in the porewater in 
TCRA armored cap material types A, B/C, C, and D (Figure 2-14).  Three discrete samples 
from different depth intervals were collected at each sampling location (Table 5-19) to 
provide a vertical profile of any 2,3,7,8-TCDD and 2,3,7,8-TCDF through the TCRA armored 
cap at that location.  The vertical samples were taken in 5-cm increments just above the 
geotextile fabric, midway between the fabric and the surface of the TCRA armored cap, and 
just below the interface of the cap material and the surface water (Figure 5-23).  Because the 
depth of cap material within the TCRA armored cap varies, the vertical distance between 
fiber samples within any given sampling location varied.  The use of 5-cm increments as the 
sample unit was selected to balance the analytical sensitivity, which is greater with greater 
sample mass (a function of the increment length), against the need to estimate porewater 
concentrations at discrete points within the vertical dimension at each sampling point. 
 
In two locations, the SPME sampler for the location included an additional SPME fiber 
attached to the portion of the sampler extending above the surface of the TCRA armored cap.  
In these locations, a 5-cm sample from the fiber exposed to surface water was used for 
comparison with results in porewater (Figure 5-23).  Two surface water sampling locations 
were deemed sufficient because the overlying surface water in the San Jacinto River was 
expected to be well-mixed and average concentrations for 2,3,7,8-TCDD and 2,3,7,8-TCDF in 
the surface water were expected to be consistent throughout the area.  SPME sampling 
devices from which the three vertical porewater measurements were made were deployed in 
14 locations within the submerged portions of the TCRA armored cap (Figure 5-23). 
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In addition to the SPME sampler deployed at each sampling location, four samplers were 
deployed containing a fiber impregnated with performance reference compounds (PRCs) to 
provide a method for determining the degree to which the samplers had reached equilibrium 
with the surrounding porewater or surface water at the time of retrieval.  The PRCs for this 
study were carbon-13 (13C12)-labeled 2,3,7,8-TCDD and 2,3,7,8-TCDF, and the PRC samplers 
were impregnated with carbon-labeled 2,3,7,8-TCDD and 2,3,7,8-TCDF prior to deployment.  
The degree of equilibrium reached by each PRC is assessed by measuring the pre-deployment 
concentrations of the PRCs and comparing them to concentrations of the PRC compounds 
after SPME retrieval.  Because the PRCs are the same as the target chemicals, except for the 
13C12 label, samplers with the PRC-impregnated fibers were positioned in separate sampling 
devices, and placed in separate, unique locations substantially separated from any regular 
fiber sampling location.   
 
The chemical transport processes that could affect the time to reach equilibrium in each 
armor cap material type were assumed to be similar because the nature and thickness of 
those materials are similar among the cap types, and because tidal fluctuations, which would 
affect all areas of the TCRA armored cap in the same way, were expected to be a significant 
factor in the equilibration of the polydimethylsiloxane (PDMS) with the surrounding 
porewater.  There are four primary TCRA armor cap types in the submerged portion of the 
TCRA armored cap (Figure 2-14); therefore, one PRC sampler was placed in each of the four 
submerged cap types to evaluate equilibrium conditions in those areas.   
 
There is a fifth armor cap type, armor cap D24, in areas above the normal waterline on the 
central and southern berm, and in a small intertidal area north of the central berm.  Because 
most of armor cap D24 is thicker than the other cap types and the majority of it is not 
normally below the waterline, it was not specifically targeted for sampling as part of the 
study. 
 
There were four sampling locations in areas within armor cap A, one within armor cap B, 
five sampling locations within armor cap C, and four sampling locations within armor cap D 
(18-inch design thickness) (Figure 2-14).  Samples from TCRA armored cap types C and D 
included a sample interval in the surface water above the TCRA armored cap. 
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5.3.2 Results 

Analytical results presented in this section are expressed as the mass (pg) of each congener 
present on each fiber at the time of extraction.  The mass of each congener is considered 
representative of the concentration of each target compound in the PDMS coating because of 
uniformity of sample fiber length (5 cm) and the thickness of PDMS coating on each fiber 
(corresponding to 115.5 μL/m of fiber).   
 
The pre-deployment mass of the PRC compounds in 5-cm segments of the PRC-impregnated 
fibers ranged from 166 to 3,140 pg for 2,3,7,8-TCDD and 144 to 4,710 pg for 2,3,7,8-TCDF.  
Post-retrieval PRC masses are shown in Table 5-20 and indicate the samplers were 
effectively at equilibrium when they were retrieved and that corrections to non-equilibrium 
conditions for the other samplers were not required.   
 
The measured masses of 2,3,7,8-TCDD and 2,3,7,8-TCDF on each SPME sample are provided 
in Table 5-20.  These results show that the masses of 2,3,7,8-TCDD in the PDMS coating of 
the SPME fiber samples were below the analytical detection limit for all sample intervals.  
The masses of 2,3,7,8-TCDF in the PDMS coating were below the analytical detection limit 
in 47 of 50 sample intervals.  The three sample intervals that had measureable mass of 
2,3,7,8-TCDF were from Station SJCP008, which is near the central part of the eastern cell.  
The masses of 2,3,7,8-TCDF in all three sample intervals at that location were so low they 
were qualified as estimated in each case, and are therefore considered to provide only an 
imprecise representation of the amounts of 2,3,7,8-TCDF in each of these three samples.  At 
the coincident fiber sample exposed to surface water at Station SJCP008, the masses of 
2,3,7,8-TCDD and 2,3,7,8-TCDF were below their analytical detection limits.   
 
In regards to the sampling objective of determining whether vertical gradients in 
concentrations of dioxins and furans in porewater of the TCRA armored cap exist, these data 
indicate the absence of vertical concentration gradients of dissolved 2,3,7,8-TCDD or 2,3,7,8-
TCDF in the porewater within the TCRA armored cap at the time of sampling.  At 
Station SJCP008, results do not definitively indicate a concentration gradient of 2,3,7,8-
TCDF because masses occurring in the PDMS at the end of the exposure period could only be 
estimated by the laboratory.  These results reflect conditions at the time of sampling, 
consistent with the DQOs for the study.  
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Uptake of each congener into the polymer is described by a PDMS-water partitioning 
coefficient, or KP-W.  Using the congener-specific KP-W, the dissolved water concentrations 
can be derived as (Mayer et al. 2000): 
 

CPW = CPDMS/KP-W      (Eq. 5-1) 
 

where:  
CPW  =  concentration in porewater (pg/L) 
CPDMS  =  concentration in the PDMS coating on the fiber (pg/L) 
KP-W  =  PDMS-water partitioning coefficient (L/L) 

 
Unless congener-specific KP-W values are available from other publications or are measured 
using a site-specific bench-scale study, then the KP-W value in the equation above is 
substituted with the published, congener-specific KOW.  The KOW is then used to estimate the 
concentration of each congener in porewater from the CPDMS.  Because the KOW is not equal to 
the KP-W (e.g., Lu et al. 2011; Mayer et al. 2000), the resulting CPW cannot be interpreted as an 
estimate of the actual porewater concentration.  For this analysis, two different studies were 
used to estimate the parameters needed to extrapolate from measured concentrations in 
SPME fibers to estimate the maximum surface water concentration of dissolved 2,3,7,8-
TCDD and 2,3,7,8-TCDF.  In these cases, the estimate is based on the detection limit 
concentration for that SPME sample.  As shown in Table 5-21, two estimated KP-W values 
were used.  
 
In all cases, using the range of KP-W shown in Table 5-21 and the analytical detection limits in 
the surface water at sample location SJCP008 in Equation 5-1, the dissolved surface water 
concentrations of 2,3,7,8-TCDD and 2,3,7,8-TCDF are below 0.01 pg/L TEQDF,M.  As discussed 
in detail in Section 5.6.4, the observed concentrations of TEQDF,M in water at TMDL Station 
11193 near the northern impoundments during surface water evaluations conducted prior to 
implementation of the TCRA are between 0.02 pg/L and 0.26 pg/L.  These results indicate the 
TCRA armored cap is currently effective in eliminating any release of dioxins and furans 
associated with waste materials within the northern impoundments, and the TCRA armored 
cap is also currently effective in reducing or eliminating the potential release of dissolved-
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phase dioxins and furans from the northern impoundments into the surface water of the 
river.   
 
In regards to the question of whether porewater concentrations in the TCRA armored cap 
differ from concentrations in surface water above the cap, the results indicate that, with the 
exception of Station SJCP008, there were no detectable concentrations of 2,3,7,8-TCDD or 
2,3,7,8-TCDF in the SPME fibers exposed to porewater or surface water.  In the samples from 
Station SJCP008, where there were detectable concentrations of 2,3,7,8-TCDF, the estimated 
TEQDF,M concentration is below 0.01 pg/L TEQDF,M. 
 

5.4 Source Evaluation 

USEPA guidance for conducting an RI/FS under CERCLA (USEPA 1988) indicates that 
identification of sources of contamination is a primary and central component of the RI.  The 
source evaluation informs the FS because effective remediation depends upon control of 
contaminant sources.  Sources of COCs to the northern impoundment area and the aquatic 
environment resulting from disposal of paper mill wastes are discussed in Sections 1.1 and 5.1 
of this RI Report.  In addition to those sources, the CSM for the northern impoundments and 
the aquatic environment acknowledges regional sources of dioxins and furans, including 
atmospheric inputs, industrial effluents, publicly owned treatment works, and stormwater 
runoff.  These regional sources may also contribute substantial amounts of the other COCs 
within USEPA’s Preliminary Site Perimeter.   
 
As described in Section 5.2, spatial patterns of the COCs other than dioxins and furans in 
sediments and tissue within USEPA’s Preliminary Site Perimeter are not fully explained by 
proximity to the northern impoundments, suggesting that the wastes may not be a source of 
all the COCs, or that significant sources of COCs other than the impoundments north of I-10 
occur within or near USEPA’s Preliminary Site Perimeter.  Sources of COCs to tissue may be 
even more complex and broadly distributed than sources to sediments, and sources to tissue 
of the more mobile blue crab and hardhead catfish likely include specific and non-specific 
municipal sources in the broader Houston environment.   
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This section provides detailed information to identify and differentiate sources of COCs for 
the area north of I-10 and the aquatic environment.  Because the evaluation of remedial 
alternatives is intended to inform risk management, this discussion is focused on COCs only 
and does not address sources of chemicals considered COPCs unless the information provides 
insights into sources of COCs.  The COCs addressed in this section are dioxins and furans, 
PCBs, and mercury. 
 

5.4.1 Evaluation of Dioxin and Furan Sources 

Concentrations of dioxins and furans in a number of sediment samples and most tissue 
samples collected within USEPA’s Preliminary Site Perimeter are greater than 
concentrations in corresponding media described by background studies performed for this 
RI (Section 4).  On the basis of the history and chemical characterization of the contents of 
the waste in the northern impoundments for this RI, paper mill wastes deposited in the 
northern impoundments in the 1960s are a source of dioxins and furans found in 
environmental media in certain locations within USEPA’s Preliminary Site Perimeter under 
baseline conditions (Integral and Anchor QEA 2012a).  The discussion in this section 
evaluates whether and to what extent one or more sources (i.e., in addition to any paper mill 
wastes in the impoundments) also influence dioxin and furan concentrations in 
environmental media within USEPA’s Preliminary Site Perimeter.   
 

5.4.1.1 Regional Sources of Dioxins and Furans 

Given the long-term generation of dioxins as manufacturing by-products around the world, 
atmospheric transport, and the general recalcitrance of the molecules, it is expected that 
some inputs of dioxins to the San Jacinto River system other than from the northern 
impoundments have occurred.  It is documented that sediments in the nearby HSC are 
contaminated with dioxins and furans from local industrial and municipal effluents and 
runoff, as well as atmospheric deposition (University of Houston and Parsons 2006). 
 
Prior to initiation of the RI/FS, Louchouarn and Brinkmeyer (2009) reported the results of a 
fingerprinting analysis of dioxins and furans from samples taken from within the northern 
impoundments, their immediate vicinity, and further afield in the San Jacinto River and the 
HSC.  They graphically presented ratios of 2,3,7,8-TCDD/OCDD versus 2,3,7,8-TCDF/OCDF 
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for each sample to show differences in the characteristics of dioxin mixtures among sediment 
samples, and thereby to address source inputs to the HSC and vicinity.  Louchouarn and 
Brinkmeyer’s (2009) dioxin compositional analysis also shows a decrease in sediment dioxin 
concentrations with increasing distance from the northern impoundments.   
 
Regional sources of dioxins and furans are described by the original CSM and acknowledged 
to include, in addition to atmospheric inputs, industrial effluents, publicly owned treatment 
works, and stormwater runoff.  The original CSM regards these non-atmospheric external 
sources to be entering USEPA’s Preliminary Site Perimeter via surface water and sediment 
transport from upstream and downstream, and from river and tidal flows, including storm 
surges.  Information presented in the PSCR and in this document also demonstrates the 
presence of other sources of dioxins and furans, and likely of PCBs, metals, and other 
chemicals to the aquatic environment within USEPA’s Preliminary Site Perimeter 
(Figure 3-21).  These additional sources are not related to the impoundments north of I-10.  
Permitted wastewater outfalls exist along the eastern shoreline of the peninsula south of 
I-10, and are located on the Southwest Shipyards property.   
 
In addition, two permitted wastewater outfalls are present along the eastern shore of the San 
Jacinto River north of I-10 and within USEPA’s Preliminary Site Perimeter.  One is along the 
eastern shoreline north of I-10 and is a stormwater outfall for a large area to the east and 
north (Figure 3-21).  The other is from the Baytown Water Treatment Authority, on the 
eastern shoreline directly north of I-10.  An effluent sample was collected from this Baytown 
facility outfall by TCEQ (University of Houston and Parsons 2006).  The stormwater outfall 
occurs directly to the east of the small island that is northeast of the impoundments north of 
I-10.  Both wastewater effluent and urban stormwater are known sources of dioxins and 
furans and PCBs (Paustenbach et al. 1996; Lubliner 2009; Howell et al. 2011a; University of 
Houston and Parsons 2006).  It is therefore appropriate to consider these outfalls to be 
potential sources of dioxins, furans, and PCBs to the aquatic environment within USEPA’s 
Preliminary Site Perimeter. 
 
Figure 3-21 shows additional detail to inform the CSM regarding potential upstream sources 
of COCs to the aquatic environment within USEPA’s Preliminary Site Perimeter.  Major 
surface water drainage channels through the Lyondell and Equistar chemical manufacturing 
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facilities receive flows from numerous stormwater outfalls draining the surrounding areas.  
Both of these drainage channels discharge to the San Jacinto River upstream of USEPA’s 
Preliminary Site Perimeter.  
 

5.4.1.2 Unmixing Analysis 

Every sample in which the seventeen 2,3,7,8-substituted dioxin and furan congeners are 
analyzed can be described in terms of the proportion of each congener relative to the total 
mass of dioxins and furans in the sample, or the “fingerprint” of the sample.  Initial review of 
the fingerprints in soils of the TxDOT ROW and north of I-10 and sediment samples from 
locations within USEPA’s Preliminary Site Perimeter showed that many samples have 
relatively small proportions of 2,3,7,8-TCDD and 2,3,7,8-TCDF relative to OCDD and OCDF.  
In contrast, about 7 percent of samples have more 2,3,7,8-TCDD than OCDD (Figure 5-24).  
Among those, the samples that have more 2,3,7,8-TCDD have an average of 34 times more 
2,3,7,8-TCDD than OCDD.  The samples containing notably higher proportions of 2,3,7,8-
TCDD tend to be samples from within the 1966 northern impoundment perimeter, and also 
have higher TEQDF,M concentrations (Figure 5-24).  OCDD concentration varies widely in 
these samples, suggesting that the dioxins and furans in sediments within the 1966 
impoundment perimeter may be influenced to varying degrees by combustion sources, 
which are common in urban areas and are characteristically dominated by OCDD (USEPA 
2000b).  These preliminary observations are consistent with the existence of at least two 
separate sources of dioxin and furans in sediments collected within and within USEPA’s 
Preliminary Site Perimeter. 
 
The PSCR presented an analysis of the dioxin and furan congener patterns, or fingerprints, in 
sediments and soils.  The method used for that analysis, NMF or “unmixing,” is a 
mathematical technique that allows the analyst to evaluate the outcome of the mixing 
process that occurs when more than one source of dioxins and furans (or any other 
combination of chemicals) is released to an environment in which the chemicals common to 
both sources become mixed (Lee and Seung 1999).  Results presented in the PSCR 
demonstrated that not all of the dioxins and furans in sediment and soils from locations 
within USEPA’s Preliminary Site Perimeter were from the paper mill wastes in the 
impoundments north of I-10.  On the basis of the dioxin and furan fingerprints in samples 
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included in the evaluation, a substantial fraction of the dioxin and furan mixture in most soil 
samples collected north of I-10 and in a majority of sediment samples from locations within 
USEPA’s Preliminary Site Perimeter were from sources other than the paper mill wastes.  
The fingerprint of the dioxin and furan mixtures from sources other than paper mill wastes 
matched fingerprints of mixtures found in sludges and effluents from facilities that are 
unrelated to the northern impoundments and that discharge effluents to the San Jacinto 
River both upstream of and within USEPA’s Preliminary Site Perimeter.  Fingerprints of 
dioxin and furan sources other than paper mill wastes also matched those of soils and 
sediments from background areas, as well as those of common background dioxin and furan 
sources found in urban areas (Figure 5-25).   
 
The analyses conducted in the PSCR are described in detail in that document; a detailed 
description of this method and examples from other Superfund sites are provided in 
Appendix C of the Soil SAP (Integral 2011c).  Since the PSCR was published, new 
information has been developed for sediments from locations within USEPA’s Preliminary 
Site Perimeter and upstream areas, and for soils south of I-10.  To update the unmixing 
analysis that was presented in the PSCR, new information for sediments and the entire soils 
dataset for the peninsula south of I-10 were evaluated using the unmixing method.  The 
objective of updating the unmixing analysis for sediments and soils is to support the 
identification and delineation of sources of COCs within USEPA’s Preliminary Site 
Perimeter.  This section provides a review of the unmixing method, a summary of the earlier 
results, and an update to the unmixing analysis first presented in the PSCR. 
 

5.4.1.2.1 Overview of Unmixing Method 

Although the evaluation of dioxin and furan mixtures using ratios (Figure 5-24) provides 
evidence of more than one source contributing dioxins and furans to soils and sediments, 
each with different dioxin and furan signatures, the ratio method is too simple to quantify 
and delineate the origin of these complex fingerprints in the samples collected during this 
investigation.  To quantitatively elucidate the number of source types in the overall soil and 
sediment dataset, and the importance of each source to each sample, an unmixing analysis 
based on NMF (Lee and Seung 1999) was used.  This method involves the following steps: 
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1. Calculates the number of sources or source types that likely make up the dioxin and 
furan mixtures in each soil and sediment sample in the analysis 

2. Determines the specific dioxin and furan composition of each source or source type 
3. Calculates the proportion of each source in each environmental sample  
4. Provides a basis for the quantification of the uncertainty in the estimated amounts of 

each source or source type in a sample. 
 
The NMF-based unmixing model is a quantitative method that calculates the most likely 
composition of a specific number of different source materials or types or “end members” 
(EM) of a mixing gradient that would have given rise to the observed data.  In effect, the 
NMF method “unmixes” the samples, estimating the composition of the EMs that would have 
been mixed in different proportions to produce all of the observed samples, and evaluates 
each sample to determine the contribution of each EM to the mixture observed in the 
sample.  A similar approach has been developed by USEPA (2008) for evaluation of air 
quality data and has been used for source apportionment in studies funded by USEPA 
(Anderson et al. 2011).  Other applications of unmixing analysis are reviewed in Appendix C 
of the Soil SAP (Integral 2011c). 
 
Additional data preparation steps are required if unmixing is applied to datasets influenced 
by non-conservative processes (such as degradation or desorption from sediment) to account 
for chemical or biological processes that result in the degradation of source material and/or 
creation of chemicals not present in the original sources (see Appendix C of the Soil SAP; 
Integral 2011c).  Degradation rates for dioxins and furans not exposed to sunlight have been 
estimated to occur with half-lives in the range of 25 to 100 years (Institute of Medicine 
2003).  All dioxin and furan congeners have very low volatility and water solubility and a 
high affinity for organic matter and other non-polar matrix particles (Institute of Medicine 
2003).  Differential degradation rates and desorption from the matrix are expected to be 
minimal and occur over very long timeframes, therefore having little or no effect on receptor 
models constructed directly on sample data.  Therefore, environmental fate properties of 
dioxins and furans fit the assumption of conservatism underlying unmixing analysis.   
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5.4.1.2.2 Review of Unmixing Results Presented in the PSCR 

Data for concentrations of dioxins and furans in all of the sediment and in soils collected 
north of I-10 for the RI were evaluated using the unmixing method.  The evaluation was 
performed to identify the types of dioxin and furan sources potentially affecting these media 
within USEPA’s Preliminary Site Perimeter, to determine the number of source types, to 
quantify the contribution of each source type to each sample, and to characterize associated 
uncertainty.  The conclusions from this analysis are that two general source types have 
contributed dioxins and furans to the sediments throughout the area within USEPA’s 
Preliminary Site Perimeter and to soils north of I-10: a generalized urban background source 
characterized by the large proportion of OCDD (greater than 85 percent of the total dioxin 
and furan concentration); and a specific source type with a fingerprint like those of samples 
taken directly from the wastes in the impoundments north of I-10, and characterized by the 
dominance of 2,3,7,8-TCDD (about 20 percent of the total) and TCDF (about 65 percent of 
the total).  The analysis presented in the PSCR also concludes that the distinct source pattern 
associated with the waste materials from the northern impoundments allows the potential 
presence of wastes in adjacent sediments to be quantified. 
 
The concentration of TEQDF,M in any one sediment sample is a function of the different 
congeners present in the mixture.  Mixtures that are dominated by paper mill waste tend to 
have relatively high TEQDF,M concentrations.  However, high concentrations of congeners 
with low TEFs can also give rise to samples with high TEQDF,M, even when paper mill waste 
is a minor contributor to the total mass of dioxins and furans.  The latter cases likely 
represent the presence of other sources of dioxins and furans to sediments of the San Jacinto 
River and to soils within USEPA’s Preliminary Site Perimeter, with dioxin and furan 
signatures different from the paper mill wastes in the northern impoundments and 
characteristic of general urban background dioxins and furans from combustion-related 
emissions (e.g., those in Figure 5-25), urban runoff, and sludges from other industrial 
facilities or wastewater treatment plants with outfalls on or upstream of USEPA’s 
Preliminary Site Perimeter (University of Houston and Parsons 2006). 
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5.4.1.2.3 Results of Unmixing Analysis Using All Baseline Data for Soil and 
Sediment  

Initial exploratory data analyses of the entire baseline dataset indicated a large degree of 
correlation among the dioxin and furan congeners.  Correlated variables effectively reduce 
the amount of information contained by the dataset.  The amount of information in a dataset 
is represented by the degrees of freedom (DF), where the maximum possible DF is one less 
than the number of observations for independent and uncorrelated measurements.  
Correlations among variables in the dataset reduced the effective degrees of freedom (EDF) 
of the entire baseline dataset from a potential maximum of 16 to only 4, after discounting 
correlated variables.  This low EDF also precludes the possibility of calculating useable 
quantitative goodness-of-fit metrics (i.e., Akaike’s information criterion [AIC]; Integral and 
Anchor QEA 2012a; Integral 2011e).  As a consequence, the most appropriate number of EMs 
was identified based on qualitative or cross-validation criteria. 
 
Based on the results presented in the PSCR, a two-EM unmixing solution was calculated 
using the entire soil and sediment baseline dataset.  Using all sediment and soils in the 
baseline dataset, including soils collected from within and adjacent to Soil Investigation Soil 
Investigation Area 4 (on the peninsula south of I-10), which had not been included in the 
analysis presented in the PSCR, resulted in unusually large uncertainties in the model 
solution (residuals in the range of 10 percent) for the soil samples collected from the 
peninsula south of I-10.  The magnitude of the residuals for samples collected from this area 
was interpreted to indicate that a localized source type associated with these soil samples is 
present.  Subsequently, the entire baseline soil and sediment dataset was evaluated using 
another model with three EMs, but this model failed to converge on a stable, coherent 
solution.  A sensitivity and uncertainty analysis was performed for this three-end-member 
solution by constructing 1,000 models in a Monte Carlo framework to investigate the 
solution space.  This procedure revealed that the solution space for three-EM models 
contained two different solutions (local metastable minima) with appreciable populations of 
corresponding models (Figure 5-26), but also a significant number (>15 percent) of unstable 
single-point solutions.  The large number of unstable single-model wells in the solution space 
indicates that the three-EM model was likely misspecified. 
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Taken together, these results indicate that analysis of the entire soil and sediment baseline 
dataset as a whole is not the optimal approach to identifying dioxin and furan source patterns 
for the area within USEPA’s Preliminary Site Perimeter.  This may be because the model 
using the entire baseline dataset assumes that all dioxin and furan sources are intermixed in 
all areas being evaluated.  This assumption may not hold for all areas investigated during the 
RI.  Specifically, while the site history for the impoundments north of I-10 and the unmixing 
analysis performed for the PSCR are both consistent with assumed releases of wastes from 
the northern impoundments into the aquatic environment, it may be that mixing between 
the soils on the southern peninsula and the sediment environment is incomplete, that is, 
such mixing may not have occurred.  If so, this condition would violate the underlying 
assumption of unmixing analysis, that all samples were collected from an interconnected 
mixing gradient.   
 
To illustrate the assumptions underlying the application of the unmixing method for this 
Site, a site-specific conceptual framework for the evaluation of dioxin and furan sources 
within USEPA’s Preliminary Site Perimeter is presented in Figure 5-27.  This conceptual 
framework illustrates the specific limitations in the present understanding of the mixing 
dynamics between the soils of the peninsula south of I-10 and the surrounding sediments, 
and whether there is an additional distinctive source that could affect these soils, or affect 
the sediments directly.  By addressing the assumed and unknown mixing pathways, 
Figure 5-27 indicates the assumptions and uncertainties underlying application of the 
unmixing method to the complete soil and sediment dataset.  For example, due to land 
subsidence and other factors (Section 5.1), it is assumed that the contents of the northern 
impoundments have mixed with the sediment environment, with materials both leaving and 
entering the 1966 impoundment perimeter.  However, similar evidence that the soils south 
of I-10 have mixed with the sediment environment does not exist.  Because this framework 
shows that it cannot be assumed that soils from the area south of I-10 have mixed with the 
sediment environment, it was necessary to modify the analysis approach.  In response, two 
separate unmixing models were constructed to better reflect the different underlying mixing 
processes: one using the entire baseline sediment dataset and the soils collected from the area 
north of I-10 (Soil Investigation Areas 1, 2, and 3) presented in this section, below; and 
another, separate unmixing analysis using the soil samples collected from the area south of 
I-10 (presented in Section 6).  
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5.4.1.2.4 Results of Unmixing Analysis Using Baseline Data for Soil North of 
I-10 and All Sediment Data 

Unmixing analysis was carried out using data for the seventeen 2,3,7,8-substituted dioxin and 
furan congeners in all sediment samples and soil samples collected in reference areas and 
north of I-10.  Of the baseline datasets described in Section 2, only the soil samples from the 
area sampled for this investigation south of I-10 were excluded in this analysis.  Sediment 
and soil chemistry data were prepared by averaging field duplicates and laboratory splits, and 
using one-half the detection limit for those results that were below detection limits, 
consistent with the project DMP.  
 
Using the same approach as described in the PSCR (Integral and Anchor QEA 2012a), the 
best-fit model for these data was determined to contain two EMs, as indicated by the lowest 
value of AIC, corrected for sample size (AICc) (Figure 5-28).  The resulting EMs are nearly 
identical to those shown in the PSCR (Figure 5-29), and have similar proportions of each 
congener in the respective EMs as observed in the PSCR results (Table 5-22).  One of these is 
characterized by a relatively high proportion of OCDD (EM1), and the other is characterized 
by a relatively smaller proportion of OCDD and relatively higher proportion of 2,3,7,8-
TCDD and 2,3,7,8-TCDF (EM2).  The two EMs from the unmixing analysis can be 
interpreted to represent the fingerprints of the most likely sources that created the mixed 
dioxin and furan compositions of samples analyzed.  The two EMs also bear significant14 
similarity to the first two EMs resulting from the unmixing of the soil samples collected from 
the area south of I-10 (discussed in Section 6). 
 
The proportion of each EM in each sample for the baseline dataset is presented in Table 5-23, 
along with the TEQDF,M concentration for each sample.  This analysis was carried out in a 
way that identifies the optimum combination of the two EMs and their respective mixing 
fractions such that the difference between predicted and actual sample compositions is 
minimized.  The modeled representation of the data (predicted results) does not always 

                                                 
14 In comparing EM1 and EM2 from the soils from the area of investigation south of I-10 to EM1, and 
respectively, to EM2 from the samples of sediments and soils north of I-10, the cosine theta > 0.99.  This 
statistic provides a metric of similarity between multiple variables, and this result indicates that the EMs are 
very similar.  
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exactly equal the input data, and this difference is reflected in the value of the “residual.”  
This measurement of residual thus describes the discrepancy between the model results and 
the input data both in terms of absolute magnitude and pattern-matching ability. 
 
Comparing the contributions from EM2 and total TEQDF,M for each sample (Table 5-23) 
shows that samples with the highest TEQDF,M, located within the impoundments north of 
I-10, are characterized by a high fraction of EM2 (>90 percent).  However, at the low end of 
the TEQDF,M range (<100 ng/kg), the correlation between TEQDF,M and EM2 contributions 
breaks down.  This is illustrated by the results of several samples with TEQDF,M values ranging 
from 50 to 100 ng/kg which have equivalent or larger contributions of EM1 than EM2 (e.g., 
the deepest interval in the core at SJNE007; SJNE032 second 1-foot interval).  Even though 
EM2 is dominated by 2,3,7,8-TCDD and 2,3,7,8-TCDF, EM1 also contains these two 
congeners (as well as the others).  For samples with a fingerprint dominated by OCDD, with 
small proportions from the tetrachlorinated congeners, a composition primarily of EM1 
provides the best fit both in terms of pattern and total concentrations, regardless of their 
TEQDF,M value. 
 
To evaluate the overall spatial pattern of the unmixing results, the fractional contribution of 
each EM to each sample (from Table 5-23) was represented as a pie-chart graphic and plotted 
on a map using geographical coordinates for the actual sample location (Figure 5-30).  For 
locations where both surface and subsurface samples are available, results for the interval 
with the highest TEQDF,M are shown.  The potential existence of a gradient of influence of 
waste-associated dioxins and furans to sediment and soil samples from within USEPA’s 
Preliminary Site Perimeter can be evaluated by following the contributions of the EM 
associated with the paper mill wastes (EM2) to samples in areas outside of the 1966 
impoundment perimeter.  
 
The fractional contributions of each EM to each sample are shown on maps that also display 
the TEQDF,M of each sample in the size of each pie chart.  Figure 5-31 provides this 
perspective for samples with the highest TEQDF,M at each location and Figure 5-32 indicates 
the proportions of each EM, scaled to TEQDF,M, for the surface soil and surface sediment 
samples.  There are a few sediment samples outside the northern impoundment perimeter 
showing both elevated TEQDF,M and quantifiable contributions from EM2.  Most sediment 
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samples immediately outside the 1966 perimeter of the impoundments north of I-10 are 
consistent with the pattern of background dioxin and furan emissions (EM1) common in 
urban areas, have low TEQDF,M (illustrated in the small size of the corresponding pie charts), 
and have minimal or zero contribution from the waste-associated dioxin and furan pattern 
(EM2).  Exceptions to this include several sediment samples collected west of the northern 
impoundments in the sand mining and sand separation areas, as well as samples collected 
from the main channel and Old River areas near the tip of the peninsula south of I-10.  These 
results demonstrate that samples with the highest TEQDF,M have patterns associated with the 
source represented by the EM2 pattern (the paper mill wastes) and are largely confined to 
within the 1966 impoundment perimeter. 
 
The vertical distribution of the unmixing results is presented in Figures 5-33 and 5-34.  The 
fractional contribution of each EM to each sample (Table 5-23) was color-coded in multiple 
shades of blue for EM1 and orange for EM2.  All but two of the cores collected from the 
impoundments north of I-10 are dominated by EM2 from the surface to as low as 10 feet bgs, 
whereas those cores from outside the impoundments (except SJNE032, directly adjacent to 
the upland sand separation area) have little or no discernible influence of waste-associated 
dioxins and furans from the surface through the lowermost interval.  Four intervals collected 
from the SJNE032 core location, immediately adjacent to the eastern tip of the upland sand 
separation area, have important contributions from the waste-related dioxin and furan 
pattern (EM2; Table 5-23 and Figure 5-34).   
 
The existence of an additional source of dioxins and furans to the sediments of the San 
Jacinto River system other than the impoundments north of I-10 is illustrated by the 
ubiquitous presence of significant amounts of dioxins and furans from EM1 in the majority of 
the sediment and soil samples evaluated (Table 5-23 and Figure 5-33).  In contrast to EM2, 
the distribution of samples dominated by EM1 does not display a structured spatial pattern.  
This is consistent with the interpretation of this dioxin and furan profile as attributable to a 
generalized urban background source, and supported by the documented presence of sources 
of dioxins and furans with similar patterns within and near USEPA’s Preliminary Site 
Perimeter (Integral and Anchor QEA 2012a).   
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5.4.2 Evaluation of PCB Sources 

Relative to the dataset for dioxins and furans, the data to describe the concentrations of PCBs 
in soils and sediments are less detailed, less numerous, and reflect some important 
uncertainties related to elevated detection limits in some samples from the northern 
impoundments (Section 5.2.1.2).  Therefore, a quantitative approach such as NMF-based 
unmixing was not used to identify sources of PCBs that may be present within USEPA’s 
Preliminary Site Perimeter in addition to the wastes in the northern impoundments.  
Instead, several lines of evidence suggest that, although the northern impoundments could 
contribute some PCBs to the nearby aquatic environment, there are likely other sources 
affecting media within USEPA’s Preliminary Site Perimeter as well.  These lines of evidence 
include: 

• Differences between the spatial patterns of PCBs in bivalve and killifish tissue and those 
of dioxins and furans in comparable tissues (Section 5.2.4) – While concentrations of 
dioxins and furans in the tissues of clams and killifish (which have limited spatial 
movements) are linked to proximity to the impoundments north of I-10 (Figure 5-18), a 
similar spatial pattern for PCBs in these tissues is not observed (Figure 5-19).  PCBs in 
these tissue types vary more widely in several transects, including in transects upstream.  
The median concentration of TEQP,M in killifish from upstream at Transect 7 is higher 
than the median in killifish from within USEPA’s Preliminary Site Perimeter at Transect 
6.  This suggests a source of PCBs upstream.  PCB concentrations in clams are highly 
variable in Transect 4, and the median TEQP,M concentration (calculated with ND = 0) is 
about the same as it is in clams collected adjacent to the wastes in the northern 
impoundments at Transect 3.  Transect 4 is directly adjacent to a stormwater outfall, and 
across the channel from the impoundments north of I-10.  Both wastewater effluent and 
urban stormwater are known sources of dioxins and furans and PCBs in urban waterways 
(Paustenbach et al. 1996; Lubliner 2009; Howell et al. 2011a; University of Houston and 
Parsons 2006).  In a study focused on more developed areas in and around Houston, 
stormwater as a source of PCBs has been described as “highly impactful to the total PCBs 
burden” in the Galveston Bay estuary (Howell et al. 2011b).  There is one major 
stormwater outfall and one wastewater treatment plant effluent outfall within USEPA’s 
Preliminary Site Perimeter (Figure 3-21). 
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• Contributions to PCBs in tissue of mobile species in places other than within USEPA’s 
Preliminary Site Perimeter – The spatial movements of blue crab and hardhead catfish 
are unknown, but likely include areas outside of USEPA’s Preliminary Site Perimeter, 
especially for catfish.  Because sediment and aquatic life throughout much of the HSC are 
exposed to PCBs from sources other than potential sources in paper mill wastes in the 
northern impoundments, it is likely that some of the PCBs in tissues of crabs and catfish 
captured at locations within USEPA’s Preliminary Site Perimeter is the result of 
exposures that happened elsewhere.  The exposure is likely different for every individual 
organism, but there is certainly some non-zero contribution from sources other than 
paper mill wastes to the tissues of these species collected from within USEPA’s 
Preliminary Site Perimeter.  The contribution may be significant, but cannot be 
quantified. 

• Concentrations of PCBs in sediments within USEPA’s Preliminary Site Perimeter relative 
to those outside of it – The median concentration of PCBs as TEQP,M in sediments 
(calculated with ND = 0) within USEPA’s Preliminary Site Perimeter but outside of the 
northern impoundments is comparable to those in sediments in SJFCA5 (Figure 5-17) 
(i.e., the lower San Jacinto River estuary, Figure 2-19).  The range of TEQP,M 
concentrations in sediments within USEPA’s Preliminary Site Perimeter, including those 
from within in the northern impoundments, is comparable to the range in sediments in 
SJFCA5.  

• The mixture of dioxin-like PCBs in sediments within USEPA’s Preliminary Site 
Perimeter – The mixture of dioxin-like PCB congeners in sediments within USEPA’s 
Preliminary Site Perimeter (including within the impoundments north of I-10) is not 
distinguishable using PCA from the mixture of these same congeners in sediments from 
elsewhere outside of USEPA’s Preliminary Site Perimeter (Section 5.2.3.3).  

 
Together, this information indicates that, although PCBs occur in wastes within the northern 
impoundments at concentrations greater than in surrounding sediments and greater than in 
upstream background sediments, and although tissue concentrations within USEPA’s 
Preliminary Site Perimeter are higher than in tissues collected in Cedar Bayou (Section 4), 
the concentrations of dioxin-like PCBs and mixtures of dioxin-like PCBs within USEPA’s 
Preliminary Site Perimeter are not substantially different from conditions in sediments from 
areas 8 to 15 miles downstream, in SJFCA5; that is, conditions are similar to those elsewhere 
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in the HSC.  Variability in spatial patterns of PCBs in tissue, the presence of most dioxin-like 
PCBs in all tissue samples from Cedar Bayou (Section 4), and the presence of stormwater and 
wastewater outfalls within and upstream of USEPA’s Preliminary Site Perimeter suggest that 
there are diffuse but potentially important sources of PCBs to tissue other than the northern 
impoundments.  The contribution of these sources cannot be quantified with available data.   
 

5.4.3 Evaluation of Metals Sources  

The only metal that is a COC is mercury.  Together, the extent of mercury and other metals 
in tissue, soils, and sediments within USEPA’s Preliminary Site Perimeter as well as 
information on the site history, indicate that there are significant sources of metals within 
USEPA’s Preliminary Site Perimeter that are not related to the northern impoundments.  
These lines of evidence include the following: 

• Mercury is more concentrated in soils on the northwestern corner of the upland sand 
separation area than in the wastes within the 1966 impoundment perimeter (Figure 5-2) 
(see also Figures 5-8a,b,c and 5-9 for samples from within the impoundment perimeter).  

• Spatial patterns of mercury in tissues of species with limited spatial movements are 
highly variable, and not clearly linked to the impoundments to the north of I-10 
(Figure 5-22).   

− Concentrations of mercury in Gulf killifish are most variable at Transect 4, where 
the stormwater outfall could affect sediment or water quality, and the median is 
highest at Transect 6, which is towards the upstream end of USEPA’s Preliminary 
Site Perimeter on the northwestern shore of the upland sand separation area.  In 
clams from Transect 1, adjacent to the permitted outfalls on the Southwest 
Shipyards property, mercury is also higher than in background transects.   

− In clams, the highest median mercury concentration is at Transect 3, but the 
second highest is at Transect 6 (Figure 5-22); mercury in Transect 5 is lower, and 
the median concentration there is comparable to medians for clams from 
Transects 7 and 8, in upstream background areas.   

• The site history indicates that the Southwest Shipyards had an operation on the upland 
sand separation area in 1996.  In 1997, sediments from within the embayment in the 
upland sand separation area were dredged and stockpiled on the property.  The location 
of the stockpiles is not specifically known.  However, the relatively elevated 
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concentrations of mercury (and other metals like arsenic and zinc) in soils to the west of 
the embayment could be a legacy of that dredging and stockpiling operation.   

• The mercury concentration in one surface sediment sample near the northwest corner of 
the upland sand separation area exceeds the REV (Figures 5-8a,b,c).   

 
These lines of evidence suggest that soils on the western side of the embayment on the 
upland sand separation area may be associated with the presence of mercury and other 
metals in sediments, and thereby contribute to the risks identified through the risk 
assessment process that are higher than the thresholds considered acceptable by USEPA from 
exposure to mercury. 
 
In addition to spatial patterns of mercury and other metals concentrations in tissue, soil, and 
sediment within USEPA’s Preliminary Site Perimeter, the existence of stormwater and 
wastewater outfalls and related National Pollutant Discharge Elimination System (NPDES) 
permit information also indicates potential metals sources other than the impoundments 
north of I-10.  There are three NPDES permit holders and seven permitted wastewater 
outfalls located within USEPA’s Preliminary Site Perimeter, in addition to several 
stormwater outfalls in the vicinity (Figure 3-21).  Of the three NDPES permit holders within 
USEPA’s Preliminary Site Perimeter, two have permits for process water associated with 
cargo handling and ship building and repair.  The remaining permits are specifically for the 
release of treated municipal wastewater. 
 
Sources of metals include the following: 

• San Jacinto Barge Repair Inc. – Discharge Monitoring Report (DMR) records for San 
Jacinto Barge Repair Inc., with an outfall on the eastern shore of the San Jacinto River 
north of I-10 and within USEPA’s Preliminary Site Perimeter (Figure 3-21), show that 
this facility is required to conduct monitoring under its NPDES permit for discharges of 
aluminum, cadmium, chromium, copper, lead, mercury, nickel, and zinc.  San Jacinto 
Barge Repair, Inc. has accrued violations for failure to submit DMRs regarding these 
metals on two occasions (USEPA 2012e).   

• Southwest Shipyards – Located on the peninsula south of I-10, Southwest Shipyards 
engages in the repair of barges, including gas freeing, cleaning, wastewater treatment, 
and painting (SWSY LP 2012).  It has owned the property to the south of I-10 since 1957, 
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and has operated its facility for most of the period since then.  Southwest Shipyard’s 
facility south of I-10 has submitted DMRs regarding discharges of arsenic, cadmium, 
chromium, copper, lead, mercury, nickel, selenium, silver, and zinc.  Records reflect that 
Southwest Shipyards missed DMR reporting deadlines 8 to 10 times for each of these 
metals between 2007 and 2011, and has violated limits for discharge of nickel on five 
documented occasions (USEPA 2012g).  Yearly Toxics Release Inventory (TRI) records 
indicate that Southwest Shipyards has discharged nickel, manganese, and zinc into the air 
and has discharged lead, zinc, and manganese into the San Jacinto River, in some cases for 
consecutive years (USEPA 2012f). 

 
Upstream sources of metals include the following: 

• Lyondell Chemical Co. facility in Channelview – This facility is owned by LyondellBasel 
Industries, a global manufacturer of several chemical intermediates, polymers, and fuels 
(Lyondell 2012).  The release of process water associated with cyclic crudes and 
intermediates by the Lyondell facility is NPDES-permitted.  TRI reports for the Lyondell 
Channelview facility document regular release of chromium compounds, copper and 
copper compounds, lead, and nickel into the San Jacinto River, as well as the release of 
barium compounds, lead, mercury, and nickel into the air (USEPA 2012c).  Under the 
NPDES program, Lyondell has submitted DMRs that identify discharges of aluminum, 
cadmium, chromium, copper, manganese, and zinc (USEPA 2012d). 

• Equistar Chemicals facility in Channelview – Equistar Chemicals is a manufacturer and 
supplier of petrochemicals, other organic chemicals and polymers, and a subsidiary of 
LyondellBasel Industries (Lyondell 2012).  TRI reports for Equistar Channelview 
document recurring releases of chromium, copper, lead, nickel, and zinc into the San 
Jacinto River, as well as the release of mercury and lead into the air (USEPA 2012a).  In 
the 21-year TRI reporting period, zinc was reported to have been released into water in 
nine separate years.  One release of zinc over the allowed limit is reported in the facility’s 
DMR records during July 2007 (USEPA 2012b). 

 
In summary, there is evidence of the influence of both specific and diffuse sources of 
mercury and other metals to the environment within USEPA’s Preliminary Site Perimeter, 
other than the northern impoundments themselves; these contributions may have affected 
soils and the aquatic environment.  Concentrations of mercury and some of the other metals 
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such as arsenic and zinc are higher in soils on the upland sand separation area than they are 
in the wastes within the impoundments north of I-10, and may be linked to activities by the 
Southwest Shipyards and/or stockpiling of dredged materials on that property.  Finally, 
several other nearby and upstream stormwater and wastewater outfalls may be or may have 
been a source of these metals to the aquatic environment.   
 

5.5 Summary of Risk Assessments 

A BHHRA has been conducted to evaluate risks to people who may use areas within 
USEPA’s Preliminary Site Perimeter, and considers both the area north of I-10 and aquatic 
environment and for the area of investigation on the peninsula south of I-10 (Integral 2013).  
A BERA for the area north of I-10 and aquatic environment was submitted to USEPA in 
March 2012.  A final version of that document, revised in response to USEPA comments, was 
submitted on August 22, 2012 (Integral 2012c), and was approved as revised in May 2013. 
The BERA does not address the peninsula south of I-10, because its preparation preceded the 
Phase II investigation there.  The BERA addressing the area south of I-10 is presented as 
Appendix D to this RI Report. 
 

5.5.1 Summary of the Baseline Human Health Risk Assessment 

USEPA (1989) describes a human health risk assessment as a quantitative evaluation of the 
risk posed to human health by the actual or potential presence of chemicals in the 
environment.  A risk assessment provides a conservative estimate of the likelihood of 
potential health effects in a specific hypothetical population that conforms to stated exposure 
assumptions, but it is a limited tool because it does not directly measure or predict the 
occurrence of any actual health effects in people who actually visit or use a site.  The results 
of the risk assessment are intended to help risk managers determine when remedial action is 
needed, determine health‐protective levels of chemicals that may remain within USEPA’s 
Preliminary Site Perimeter, provide a basis for comparing the health impacts of remedial 
alternatives, and provide a consistent process for documenting risks (USEPA 1989). 
 
The BHHRA for the northern impoundments and aquatic areas provides an evaluation of 
risks for three potential receptor groups: hypothetical recreational fishers, hypothetical 
subsistence fishers, and hypothetical recreational visitors.  The exposure media evaluated in 
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the risk assessment are sediments in four individual beach areas, soils throughout the area of 
the TxDOT ROW and north of I-10, and edible fish and shellfish that could be captured 
within USEPA’s Preliminary Site Perimeter (i.e., hardhead catfish, clams, and crabs).  For 
each receptor group, the BHHRA evaluated the hypothetical potential for exposure to 
COPCHs, and the potential that adverse health effects could occur, assuming hypothetical 
long-term exposures to environmental media in the area north of I-10 and aquatic 
environment under baseline conditions (i.e., immediately prior to the TCRA).  These 
assumed exposures are hypothetical; there is no basis for assuming that baseline represents 
conditions that existed at any time earlier than immediately prior to the TCRA, or that 
baseline conditions would have continued to exist had the TCRA not been implemented.  
The evaluation was completed for a series of different scenarios that assume direct contact in 
different areas within USEPA’s Preliminary Site Perimeter or ingestion at assumed 
frequencies and other conditions of different types of tissue captured within USEPA’s 
Preliminary Site Perimeter.  To provide perspectives meaningful for evaluation of remedial 
alternatives, the BHHRA evaluates incremental risks relative to background, as well as 
reductions in risk resulting from completion of the TCRA.   
 
The parameters used for evaluating the hypothetical exposures and predicting related risk 
rely on multiple conservative assumptions.  These conservative assumptions enhance the 
likelihood that potential exposures and risks to receptors are not underestimated, and that, in 
combination, they tend to overestimate any actual risks.  The key findings of the BHHRA 
and conclusions about the potential health risks for the hypothetical receptor groups are 
summarized below. 
 
Of the COPCHs identified for evaluation in the BHHRA, dioxins and furans were identified 
as a risk driver in all media evaluated.  PCBs in fish and shellfish tissue, and methylmercury 
in catfish tissue were additionally identified as COPCHs that contribute substantially to 
potential risks.   
 
The results of the BHHRA generally indicate that hypothetical fishing and recreational 
exposure scenarios that assume direct contact with sediment within the original 1966 
perimeter of the impoundments north of I-10 (i.e., termed “Beach Area E” throughout the 
risk assessment) under baseline conditions (i.e., immediately prior to the TCRA) are 
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associated with distinctly higher potential exposures to risk-driving COPCHs, than fishing 
and recreational scenarios that assume contact with sediment at locations elsewhere within 
USEPA’s Preliminary Site Perimeter.   
 
To aid in the presentation of results in a manner that is useful the RI/FS, the results of the 
risk assessment are summarized in two sections below.  The first summarizes results for 
hypothetical scenarios that assume exposure to sediments at Beach Area E, together with 
consumption of fish or shellfish from adjacent waters or ingestion of soils in this hypothetical 
exposure area.  The second summarizes results for hypothetical scenarios that assume 
exposure to sediments in other areas within USEPA’s Preliminary Site Perimeter (i.e., outside 
of the original 1966 perimeter of the impoundments north of I-10; termed Beach Areas A, 
B/C, and D) in combination with ingestion of fish or shellfish from adjacent waters or soils in 
these beach areas.  Results for all scenarios are summarized in Table 5-24 for the hypothetical 
recreational fisher scenarios, in Table 5-25 for the hypothetical subsistence fisher scenarios, 
and in Table 5-26 for the hypothetical recreational visitor scenarios.  A full description of the 
risk evaluation, assumptions, uncertainties, and data evaluated is provided in the full BHHRA 
(Integral 2013).  
 

5.5.1.1 Hypothetical Scenarios with Exposure at Beach Area E 

Risks associated with three types of potential receptors—recreational fishers, subsistence 
fishers, and recreational visitors—with assumed exposure to sediments at Beach Area E were 
evaluated.  These scenarios assumed that hypothetical recreational and subsistence fishers 
exposed via direct contact with beach sediments also ingested fish or shellfish from the 
adjacent FCA.  Hypothetical recreational visitors who contacted sediments in this area were 
assumed to also contact soils at other locations throughout the TxDOT ROW and area north 
of I-10.   
 

5.5.1.1.1 Noncancer Hazards 

The potential for noncancer health effects to occur is evaluated by comparing the estimated 
average daily intake of a chemical over the duration of assumed exposure to a toxicity 
criterion derived for a similar exposure period to calculate a hazard quotient (HQ) for each 
exposure route and COPCH.  HQs for multiple exposure routes evaluated for a single receptor 
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group were summed to derive a COPCH-specific hazard index (HI) for the receptor.  When 
an HI for a toxicity endpoint exceeds 1, this indicates that under the exposure scenario 
evaluated, there is some potential for adverse health effects to occur as a result of chemical 
exposures under the hypothetical assumed conditions.  Reasonable maximum exposure 
(RME) noncancer HIs greater than 1 were estimated for the hypothetical fishing and 
recreational scenarios involving direct contact with sediments at Beach Area E.  For all three 
potential receptor groups, regardless of the other media to which they were exposed, direct 
contact with sediments or soils in Beach Area E accounts for over 98 percent of the RME 
hazard for reproductive/developmental endpoints.15  Although the HIs exceed 1 for these 
hypothetical exposure scenarios, these results do not necessarily indicate that any adverse 
health effects would have occurred under baseline conditions, or that the assumed levels and 
types of exposure underlying the scenario occurred or could have occurred.  The central 
tendency exposures (CTE) noncancer HIs for all receptors in this area are less than 1.  The 
RME estimates rely on a number of highly conservative parameters, including the use of the 
maximum detected concentration of TEQDF,M as the concentration term for estimating 
exposure.  As a result, a substantial margin of safety is built into the RME estimates for the 
baseline condition.  Completion of the TCRA construction in July 2011 rendered sediments 
at Beach Area E inaccessible for direct contact by humans, and is also likely to have led to 
reductions in tissue concentrations in catfish and clams obtained from this area associated 
with the northern impoundments (although this cannot be confirmed with existing data), 
substantially reducing any baseline risks in this area.   
 

5.5.1.1.2 Cancer Risks 

RME estimated excess cancer risks for hypothetical recreational fishers (Table 5-24), 
hypothetical subsistence fishers (Table 5-25), and hypothetical recreational visitors 
(Table 5-26) who were assumed to contact COPCHs (other than dioxins and furans) in 
sediments and soils and to ingest fish or shellfish from the waters within USEPA’s 
Preliminary Site Perimeter ranged from of 1×10-5 to 1×10-4.  The estimated CTE excess cancer 
risks for this same set of scenarios were all less than 1 x 10-6.  The highest RME cancer risks 

                                                 
15 Reproductive/developmental endpoints were associated with exposure to dioxins and furans in all media, and 
methylmercury in catfish.  For scenarios that included direct contact with sediments at Beach Area E, the HI 
for reproductive/developmental endpoints exceeded that for any other noncancer endpoint by more than an 
order of magnitude. 
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were estimated for hypothetical subsistence fishers, followed by hypothetical recreational 
fishers and visitors.  Scenarios that assume catfish ingestion resulted in higher estimated 
excess cancer risk compared to those that assume ingestion of clams or crabs.  For 
hypothetical scenarios that assume ingestion of catfish, the ingestion pathway accounts for 
87 percent of the estimated RME excess cancer risk, with the remaining 13 percent 
attributable to direct contact with sediments at Beach Area E.  In contrast, for hypothetical 
scenarios that assume either ingestion of clams or crab or no tissue ingestion, direct contact 
to sediments at Beach Area E accounts for over 80 percent of the resulting RME cancer risk.   
 
Over 98 percent of the estimated cancer risks are attributed to arsenic and PCBs.  Cancer 
risks due to dioxins and furans using the cancer slope factor (CSF) approach16 were also 
calculated and are presented in the uncertainty discussion of the BHHRA.   
 

5.5.1.1.3 Cancer Hazards 

RME dioxin cancer HIs17 greater than 1 were estimated for all hypothetical fisher 
(Tables 5-24 and 5-25) and hypothetical recreational visitor groups (Table 5-26) evaluated 
with assumed direct contact to sediments at Beach Area E.  As is the case for noncancer 
hazards above, for these receptors direct contact with sediment or soils in Beach Area E 
accounted for over 98 percent of the RME hazard.  Although the cancer HIs exceeded 1, 
these results do not necessarily indicate that cancer effects would have occurred or could 
have occurred under baseline conditions.  The CTE cancer HIs for all potential receptors in 
this area were less than 1, and the RME estimates rely on a number of highly conservative 
parameters, including the use of the maximum detected concentration of TEQDF,M as the 
concentration term for estimating exposure.  As a result, a substantial margin of safety is built 
into the RME estimates.  Completion of the TCRA construction in July 2011 rendered 

                                                 
16 The CSF approach relies on a toxicity criterion for dioxins and furans that is based on a linear dose-response 
relationship.  As discussed in the BHHRA, substantial support is available to support the evaluation of cancer 
effects from dioxin using a threshold-based toxicity criterion (i.e., in which the resulting risk metric is termed 
the cancer hazard). However at the request of USEPA the CSF approach was explored in the uncertainty 
analysis. 
17 Some carcinogens require that a threshold (minimum) dose be reached before a carcinogenic effect can occur.  
For these carcinogens, the potential for cancer to occur as a result of exposure is estimated using a hazard 
metric. 
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sediments at Beach Area E inaccessible for direct contact by humans, substantially reducing 
any baseline risks that may have existed in this area.   
 

5.5.1.2 Hypothetical Scenarios with Exposure at Beach Areas A, B/C, and D 

Three types of receptors with potential exposure to sediments at Beach Areas A, B/C, and D 
were evaluated.  Hypothetical recreational and subsistence fishers exposed via direct contact 
with sediments at one of the defined beach areas were assumed to also ingest fish or shellfish 
from the adjacent FCA.  Hypothetical recreational visitors who are assumed to contact 
sediments in one of the defined beach areas were assumed to also contact soils throughout 
the TxDOT ROW and area north of I-10.   
 

5.5.1.2.1 Noncancer Hazards 

This analysis indicates that no adverse noncancer health effects would be expected for 
hypothetical recreational visitors (Table 5-26) and recreational fishers (Table 5-24) as a result 
of contact with COPCHs in sediments at Beaches A, B/C, or D and soil, and consumption of 
fish or shellfish.  RME noncancer HIs for all COPCHs combined for hypothetical recreational 
fishers were below 1.  For hypothetical recreational fishers, RME HIs grouped by toxicity 
endpoint, were all below 1.   
 
Noncancer HIs greater than 1 occurred only for the following hypothetical subsistence fisher 
scenarios: direct contact with sediments at Beach Area A in combination with ingestion of 
catfish from the adjacent FCA 2/3; direct contact with sediments at Beach B/C in 
combination with consumption of either catfish from the adjacent FCA 2/3 or clams from the 
adjacent FCA 2; and direct contact with sediments at Beach D in combination with 
consumption of catfish from FCA 1 (Table 5-25).   
 
For each of these scenarios the predominant pathway of exposure was the consumption of 
tissue; direct contact with sediments accounted for less than 5 percent of exposure.  Risk-
driving COPCHs in tissue are dioxins and furans and PCBs in catfish and clams, and 
methylmercury in catfish.   
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Although the noncancer HIs exceeded 1 in these hypothetical scenarios, these results do not 
indicate that adverse health effects would have occurred under baseline conditions, or that 
they could have occurred or did occur.  The RME estimates rely on a number of highly 
conservative parameters including upper-bound consumption rates, the assumption that an 
individual would obtain 100 percent of the fish or shellfish consumed from the locations 
identified above over the entire exposure duration, and the assumption that the 
concentrations of lipophilic compounds are not reduced through preparation or cooking.   
 
As indicated by the probabilistic risk analysis completed for the BHHRA, the influence of 
variability in consumption rates and the portion of an individual’s total consumption 
obtained from the locations identified above have large impacts on estimated exposures and 
resulting hazards for the fisher population.   
 

5.5.1.2.2 Cancer Risks 

Estimated excess cancer risks for hypothetical scenarios that involve exposures to Beach 
Areas A, B/C, and D ranged from  5×10-7 to 1×10-4 (Tables 5-24, 5-25, and 5-26).  The 
estimated CTE excess cancer risks for this same set of scenarios were all less than 1 x 10-6.  
The greatest RME excess cancer risks were estimated for hypothetical fishers assumed to 
ingest catfish (i.e., subsistence fisher – 1x10-5; recreational fisher – 1x10-4).  For these 
scenarios, ingestion of catfish accounts for over 80 percent of the RME excess cancer risk. 
 
Over 98 percent of the estimated cancer risks are attributed to arsenic and PCBs.  Cancer risk 
due to dioxins and furans using the CSF approach were also calculated and are presented in 
the uncertainty discussion of the BHHRA.   
 

5.5.1.2.3 Cancer Hazards 

It is not expected that dioxin-related cancer effects would have occurred under the baseline 
hypothetical recreational visitor and recreational fisher scenarios as a result of contact with 
dioxins and furans in sediments at Beach Areas A, B/C, or D and soil from the TxDOT ROW 
and north of I-10, and consumption of fish or shellfish.  RME cancer TEQDF,M HIs for these 
potential receptor groups were all below 1.   
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RME dioxin cancer HIs greater than 1 were limited to the hypothetical subsistence fisher 
receptor group under the following baseline scenarios: direct contact with sediments at 
Beach Area A in combination with ingestion of catfish from the adjacent FCA 2/3; direct 
contact with sediments at Beach Area B/C in combination with consumption of catfish from 
the adjacent FCA 2/3; and direct contact with sediments at Beach Area D in combination 
with consumption of catfish from FCA 1 (Table 5-25).   
 
For each of these hypothetical scenarios, consumption of tissue accounted for 95 percent or 
more of exposure.  Although the cancer HIs exceed 1, these results do not indicate that 
cancer effects would have occurred or could have occurred under baseline conditions.  The 
RME estimates rely on a number of highly conservative parameters including upper-bound 
consumption rates, the assumption that an individual obtained 100 percent of the fish or 
shellfish consumed from within USEPA’s Preliminary Site Perimeter over the entire 
exposure duration, and the assumption that concentrations of lipophilic compounds are not 
reduced during preparation or cooking.   
 

5.5.1.3 Incremental Hazard 

Exposure media that contribute the most to potential human exposure to COPCHs included 
sediments at Beach Area E, catfish fillet from FCA 2/3 and FCA 1, and clams from FCA 2.  
However, risk-driving COPCHs present in catfish from within USEPA’s Preliminary Site 
Perimeter were also present at elevated concentrations in catfish harvested from background 
areas.  For example, in catfish fillet, 41 to 42 percent of the baseline hazard attributed to 
TEQDF,M exposures and 55 to 60 percent of baseline hazards and risks associated with PCBs 
are also present under background conditions, suggesting that background conditions with 
respect to these COPCHs contributed roughly one-half of the total risks under relevant 
hypothetical scenarios.  In addition, the hazards associated with background exposure to 
methylmercury in catfish fillets were similar to or higher than those from exposures within 
USEPA’s Preliminary Site Perimeter, indicating that sources in locations within USEPA’s 
Preliminary Site Perimeter were not contributing additional risks due to mercury.   
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5.5.1.4 Baseline Versus Post-TCRA Hazards 

Appendix F of the BHHRA presents a detailed evaluation of post-TCRA risks for those 
scenarios and receptors with risks under baseline conditions that are higher than specific 
thresholds defined in the BHHRA (i.e., an HI of 1 for noncancer and dioxin cancer hazards 
and an excess cancer risk of 1 x 10-4).  For this document, comparison of results of the post-
TCRA risk evaluation with results of the baseline risk evaluation illustrates the risk reduction 
achieved by the TCRA for noncancer hazards (Table 5-27) and for dioxin hazards 
(Table 5-28).  As discussed in detail in Appendix F of the BHHRA (Integral 2013), the post-
TCRA noncancer TEQDF,M HIs for the hypothetical recreational fisher and recreational visitor 
scenarios are less than 1.  For the hypothetical subsistence fisher, the potential exposure 
scenarios that include consumption of catfish in combination with direct contact with 
sediment (Scenarios 1A, 2A, and 3A) result in post-TCRA RME TEQDF,M noncancer HIs of 6.  
These are lower than the baseline HIs, which range from 9 to 100, and higher than the 
background HIs of 4 (Table 5-27).   
 
The post-TCRA cancer TEQDF,M HIs are less than 1 for all hypothetical recreational fisher and 
recreational visitor scenarios evaluated.  For the hypothetical subsistence fisher, only the 
post-TCRA exposure scenarios that include consumption of catfish in combination with 
direct contact with sediment result in a RME cancer TEQDF,M HI of 2.  These are lower than 
baseline cancer TEQDF,M HIs, which range from 3 to 40, and only slightly higher than the 
background cancer TEQDF,M HIs of 1 for those scenarios (Table 5-28).   
 
The greatest reductions in hazard and risk resulting from the TCRA occur for baseline 
scenarios that include direct exposure to Beach Area E (Scenarios 3A, 3B, and 3C).  This was 
because the majority of TEQDF,M, exposure and hazard for these hypothetical scenarios was 
related to assumed direct contact with sediments rather than to the ingestion of fish or 
shellfish, and because exposure to sediment in this area was completely restricted once the 
TCRA was implemented.  For these hypothetical scenarios, the reductions in hazard (not 
including background) resulting from TCRA implementation ranged from 84 to 100 percent.  
For exposure scenarios that assume direct contact with sediments at Beach Areas A, B/C, or 
D and consumption of catfish or clam from the adjacent FCA, the reductions in hazard (not 
including background hazard) resulting from the TCRA implementation range from 65 to 
86 percent (Tables 5-27 and 5-28).   
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The post-TCRA evaluation indicates that the TCRA implementation has substantially 
reduced potential risks associated with baseline conditions.  Noncancer and dioxin hazards 
calculated for the hypothetical recreational fisher and recreational visitor scenarios are all 
below USEPA’s target HI of 1 under post-TCRA conditions.  While potential noncancer and 
cancer hazards calculated for the hypothetical subsistence fisher scenario under post-TCRA 
conditions exceed an HI of 1, these post-TCRA HIs exceed background HIs only by factors of 
2 or less.   
 

5.5.2 Summary of the Baseline Ecological Risk Assessment 

The BERA for the area north of I-10 and aquatic environment (Integral 2012c) builds on the 
CSMs described in the PSCR and uses Category 1 baseline data and background data 
collected in support of the RI/FS to determine the nature and magnitude of baseline risks to 
ecological receptors resulting from exposures to COPCEs.  The BERA for the area south of 
I-10 is presented in Appendix D, and is summarized in Section 6.  This section provides a 
summary of the major components of the BERA for the area north of I-10 and aquatic 
environment within USEPA’s Preliminary Site Perimeter, including the problem 
formulation, exposure and effects assessments, and risk characterization, all of which support 
the risk assessment conclusions and identification of ecological COCs. 
 

5.5.2.1 Problem Formulation 

The problem formulation of the BERA for the area north of I-10 and aquatic environment 
establishes the data available for conducting the baseline ecological risk assessment and the 
suitability of the data for risk assessment, describes the ecosystems potentially at risk and 
puts forward a risk-based screening process.  The problem formulation reviews toxicity of 
dioxins and furans (with Appendix B providing greater depth on this topic, and detailed 
toxicity information for all COPCEs) to identify COCs and eliminate chemicals that pose 
negligible risks to potential ecological receptors.  The problem formulation also presents 
assessment endpoints, summarizes measures of exposure and measures of effect to be used to 
address each assessment endpoint, and presents an overview of the analytical approach to be 
used to address risks to each potential receptor. 
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COPCEs for the area north of I-10 and aquatic environment) were determined using the RI 
dataset according to methods specified in Appendix C of the RI/FS Work Plan (Anchor QEA 
and Integral 2010a) and the COPC Tech Memo (Integral 2011a).  COPCEs were subdivided 
into those of concern to benthic invertebrates and those of concern to fish and wildlife 
(Table 1-2).  COPCEs for wildlife and fish are those that exceed screening levels and those for 
which screening levels are not available but that may be considered bioaccumulative.  
COPCEs for benthos are those lacking benthic screening levels, and those that exceed 
screening values at one or more sediment sampling stations.  All of the COPCEs have some 
potential to adversely affect the survival, growth, and/or reproduction of one or more 
ecological receptors if exposures are sufficiently elevated.  Information about the types of 
effects associated with each COPCE in various species, and the information used to interpret 
exposure estimates for ecological receptors is provided in Appendix B to the BERA for the 
area north of I-10 and aquatic environment. 
 
In the context provided by the CSM for the area north of I-10 and aquatic environment 
(Figure 5-35), the BERA for the area north of I-10 and aquatic environment evaluates the 
following ecological receptors and exposure pathways: 

• The benthic macroinvertebrate community exposed through direct contact with the 
benthic environment (sediment and porewater) 

• Bivalve molluscs exposed to 2,3,7,8-TCDD through direct contact with the benthic 
environment (sediment, porewater, and surface water), using tissue concentrations in 
whole clams as the measure of exposure 

• Fish (in all feeding guilds) exposed through ingestion of sediment and food, and 
respiration of water 

• Reptiles exposed through ingestion of sediment or soils, water, and food 
• Birds (in all feeding guilds) exposed through ingestion of sediment or soils, water (for 

seabirds only), and food 
• Mammals exposed through ingestion of sediment or soils and food. 
 
Wildlife listed as threatened and endangered are also considered by using surrogate species.  
The lines of evidence used for each receptor and assessment endpoint are summarized in 
Table 3-11 of the BERA for the area north of I-10 and aquatic environment. 
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To the maximum extent possible, empirical site-specific data were used to compute the EPCs 
for each of the measures of potential exposure described above.  The data collected within 
USEPA’s Preliminary Site Perimeter and from background areas that make up the baseline 
dataset are described in Section 2.4.  In some cases, modeling was required to derive exposure 
concentrations.  Models were used to estimate COPCE concentrations for the following: 

• Surface water concentrations of those COPCEs for which empirical data are not available 
and for which estimates were needed 

• Terrestrial invertebrate prey and plant foods ingested by killdeer, marsh rice rat, alligator 
snapping turtle, and raccoon 

• Concentrations of dioxin, furan, and dioxin-like PCB congeners in bird eggs. 
 

5.5.2.2 Exposure Assessment 

Exposure pathways classified as complete and significant are quantitatively addressed in the 
BERA for the area north of I-10 and aquatic environment.  Several lines of evidence are used 
to evaluate risk for each assessment endpoint: 

• For benthic macroinvertebrates 
− Comparison of bulk sediment concentrations of each COPCE to literature-based 

benchmarks or toxicity reference values (TRVs) expressed as a concentration in 
sediment; this was the primary line of evidence used for all COPCEs 

− Comparison of estimated concentrations of each COPCE in porewater to 
literature-based benchmarks or TRVs expressed as a concentration in water 

− For dioxins and furans only 

 Comparison of the concentration of 2,3,7,8-TCDD in tissue of whole 
clams to critical tissue residues (CTRs) expressed as a concentration in 
tissue of molluscs 

 Comparison of the concentration of 2,3,7,8-TCDD in sediments with a no-
observed-adverse-effects level (NOAEL) for sediment 

• For fish, at least one of the following lines of evidence was evaluated for each receptor–
COPCE pair depending on the data available 

− Comparison of COPCE concentrations in the ingested media of fish to a TRV 
expressed as a concentration in food 
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− Comparison of estimated concentrations of COPCEs in surface water to literature-
based TRVs or benchmarks expressed as a concentration in water (used when 
TRVs expressed as concentrations in ingested food were not available) 

− Comparison of the concentrations of total PCBs, TEQDF,F, and TEQDFP,F in tissue of 
whole fish to CTRs expressed as a concentration in fish embryos 

• For reptiles and mammals 
− Calculation of an individual’s cumulative daily ingested dose of each COPCE, 

expressed as mg COPCE/kg body weight (bw) per day (mg/kg bw-day), and 
comparison of this estimate to a TRV expressed in the same terms 

• For birds, the line of evidence above was used in addition to the following second line of 
evidence 

− Calculation of the TEQDF,B and TEQP,B concentration in bird eggs (ng/kg egg, ww), 
and comparison to TRVs expressed in the same terms. 

 
Except for the calculation of daily ingestion rates of dioxins and furans by birds, wildlife 
exposure calculations for all COPCEs conservatively assume that bioavailability in all media 
ingested in the field is the same as in the laboratory toxicity study that provides the basis for 
the TRV.  For dioxin and furan ingestion by birds, a literature-based relative bioavailability 
factor was used to adjust the rates of absorption from 2,3,7,8-TCDD in soils, sediments, and 
invertebrates in the diet of avian receptors; the details are described in Section 4.3.1.2 of the 
BERA.  The risk characterization was completed both with and without the adjustment 
factor in order to evaluate its impact on the risk assessment. 
 
For receptors whose estimated exposure for one or more COPCEs exceeded the lowest-
observed-adverse-effects level (LOAEL) in the deterministic exposure assessment, subsequent 
analyses included probabilistic exposure evaluation, evaluation of post-TCRA exposure, and 
consideration of background exposures to COPCEs.  Probabilistic exposure assessment used 
assignment of probability distributions to certain exposure parameters including EPCs, body 
weight, feeding weight, and rates of ingestion of prey and abiotic media, to yield a 
probability distribution for COPCE exposure.  Exposure distributions were developed for 
each relevant receptor–COPCE pair.  
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5.5.2.3 Effects Assessment 

Lines of evidence in the BERA for the area north of I-10 and aquatic environment employ 
both TRVs, which are used to denote conservative no-effects/effects thresholds for survival, 
growth, and reproduction of individuals; and benchmarks such as the AWQC, considered 
protective of a broader group of taxa (e.g., aquatic macroinvertebrates or aquatic 
communities).  Detailed information on the methods used and data considered in selection or 
derivation of NOAEL and LOAEL TRVs and benchmarks are provided in Appendix B to the 
BERA for the area north of I-10 and aquatic environment.  The effects of COPCEs were 
assessed through comparison of chemical concentrations in environmental media to 
chemical- and medium-specific TRVs or, for exposure assessments involving estimates of 
ingested dose, comparison of the dose to a chemical-specific TRV expressed in the same 
terms (mg/kg bw-day). 

5.5.2.4 Risk Characterization and Uncertainty Analysis 

The BERA for the area north of I-10 and aquatic environment uses a tiered approach to the 
analysis and characterization of risks under baseline conditions.  Initially, assessment of risk 
was performed using a deterministic model for each receptor and each COPCE to which that 
receptor may be significantly exposed via a major exposure pathway, resulting in an HQ for 
each receptor–COPCE pair.  HQs are calculated for each receptor–COPCE pair using a 
NOAEL for the COPCE to derive the HQN, and a LOAEL to derive the HQL.  Although the 
TCRA is not considered part of the baseline condition, post-TCRA risks are examined to 
allow consideration of the TCRA in the evaluation of remedial alternatives in the FS.  
Background ecological risks are characterized to describe the incremental risks due to 
exposures within the area of USEPA’s Preliminary Site Perimeter that is being addressed.   
 
Ecological risk assessments are inherently uncertain, as they incorporate a wide range of 
assumptions in order to attempt to model a variable and complex natural environment.  
While some compensation can be made to account for uncertainty by using conservative 
assumptions, a baseline ecological risk assessment should incorporate realism whenever 
possible to effectively inform risk management.  Therefore, not all uncertainties can be 
addressed by conservatism.  Uncertainties discussed in detail in the BERA for the area north 
of I-10 and aquatic environment include: 
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• Data gaps and limitations 
• Model uncertainty, and specifically the use of models to predict chemical concentrations 

in several media types 
• Uncertainty in toxicity information. 
 

5.5.2.5 Results of the Risk Assessment 

The following section summarizes the risk determination made for each assessment 
endpoint.  A detailed presentation of the baseline ecological risks is provided by the BERA 
for the area north of I-10 and aquatic environment (Integral 2012c).  
 

5.5.2.5.1 Characterization of Risks to Benthic Invertebrates 

A conservative assessment of risks to benthic invertebrates indicates no risks to the 
assessment endpoint of the abundance and diversity of benthic macroinvertebrate 
communities from exposure to BEHP, phenol, cobalt, copper, lead, thallium, and zinc.  
Carbazole and aluminum concentrations in surface sediments are not greater than in 
background areas, and risks associated with these chemicals are therefore not greater than 
background risks.  Barium and vanadium, for which information on toxicity to benthic 
macroinvertebrates is lacking, and manganese are randomly distributed in sediments, and 
therefore, appear not to be associated with the paper mill wastes in the northern 
impoundments.  Concentrations of mercury exceed a conservative sediment quality guideline 
in two locations within the original 1966 impoundment perimeter, but these exceedances do 
not equate to a prediction of effects.  If effects exist at these two locations, the affected areas 
are isolated and small, and do not adversely affect the assessment endpoint—abundance and 
diversity of the overall benthic macroinvertebrate community.  Concentrations of 2,3,7,8-
TCDD in sediments are not sufficiently high to negatively impact the benthic 
macroinvertebrate community.  
 
Clam tissue concentrations of 2,3,7,8-TCDD were sufficiently elevated in samples collected 
directly adjacent to the northern impoundments to indicate reproductive risks to individual 
molluscs in that area.  Concentrations of 2,3,7,8-TCDD in clam tissue from two of five 
samples directly adjacent to the upland sand separation area exceed a threshold of 
histological effects and impaired reproduction in individual female oysters.  These localized 
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effects do not adversely affect the assessment endpoint—stable or increasing populations of 
bivalves within the Site—because the affected area is limited to the immediate vicinity of the 
impoundments north of I-10.  Clams with the highest concentrations in tissue were collected 
from Transect 3, and tissue concentrations of 2,3,7,8-TCDD clearly exceed reproductive 
LOAELs for molluscs in four of five samples collected there.  However, Transect 3 was 
within the TCRA footprint.  Because tissue concentrations of 2,3,7,8-TCDD in clams 
correlate with concentrations in sediment (Integral and Anchor QEA 2012a) and because 
sediment concentrations outside of the TCRA footprint are generally much lower than those 
within the impoundments, it is likely that the TCRA has significantly reduced potential risk 
to molluscs.  
 

5.5.2.5.2 Characterization of Risks to Fish 

Assessment of baseline risks to fish considers the concentrations of cadmium, copper, 
mercury, and zinc in the media ingested by fish; the concentrations of BEHP and nickel in 
water; and the concentrations of total PCBs, TEQDF,F, TEQP,F, and TEQDFP,F in whole fish.  
Results indicate negligible baseline risks to the assessment endpoint—stable or increasing 
populations of benthic omnivorous fish, benthic invertivorous fish, and benthic piscivorous 
fish within USEPA’s Preliminary Site Perimeter. 
 

5.5.2.5.3 Characterization of Risks to Birds 

Baseline risks are negligible to the assessment endpoint of stable or increasing populations of 
great blue heron and neotropic cormorant, and the birds in their feeding guilds that are 
represented by these receptor surrogates and that could use areas within USEPA’s 
Preliminary Site Perimeter.  Exceedances of the egg-tissue-based no-adverse-effects 
concentration for great blue heron and cormorant ingesting prey and sediment within the 
Preliminary Site Perimeter were noted, but are not considered to indicate risk to the 
assessment endpoints for piscivorous birds.  Baseline risks to terrestrial invertivorous birds 
such as the killdeer are also negligible for all COPCEs except zinc and dioxins and furans.  
Baseline risks to spotted sandpiper and similar shorebirds, which ingest substantial amounts 
of sediment as a result of their foraging habit, are negligible for all COPCEs except for dioxins 
and furans. 
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A low probability (8.3 percent) was found that exposure of killdeer to zinc could exceed 
levels affecting reproduction for individual birds, indicating negligible risk to the assessment 
endpoint of stable or increasing populations of terrestrial invertivorous birds.  The risk 
assessment for zinc in killdeer incorporates a conservative bias because of uncertainties about 
the bioavailability of zinc from soils, and about the form of this metal in foods and soils from 
within USEPA’s Preliminary Site Perimeter relative to the form used in toxicity tests.  
Exposures of killdeer to zinc from within USEPA’s Preliminary Site Perimeter are only 
slightly greater than exposures in background areas.  Overall, potential risks to terrestrial 
invertivorous bird populations within USEPA’s Preliminary Site Perimeter from zinc are 
very low to negligible.  There is also a low probability (4.7 percent) that exposure of 
individual killdeer to TEQDF.B within USEPA’s Preliminary Site Perimeter could exceed the 
LOAEL.   
 
Exposure of individual spotted sandpipers and the species it represents to dioxins and furans 
was found to have a 13.7 percent probability of exceeding exposures associated with 
reproductive effects in individual birds under baseline conditions (i.e., immediately prior to 
the TCRA).  Although probability of this exposure level was calculated using only the 
ingestion rate of birds, results of the modeling to estimate egg concentrations also indicate 
some baseline risk of reproductive effects from dioxins and furans in the spotted sandpiper.  
Among all vertebrate ecological receptors for this risk assessment, the sandpiper ingests the 
largest amount of sediment (per unit body weight), which is the most important source of 
their exposure.  Implementation of the TCRA reduced the potential risk to spotted 
sandpipers to negligible. 
 

5.5.2.5.4 Characterization of Risks to Mammals 

Baseline risks to raccoon and mammals in the same feeding guild as the raccoon that could 
use the area within USEPA’s Preliminary Site Perimeter were negligible.  There is negligible 
risk to the assessment endpoint of stable or increasing populations of omnivorous mammals 
from any COPCE.  Baseline risks to the marsh rice rat, representative of aquatic mammals, are 
also negligible for all COPCEs except dioxins and furans.  Probabilistic risk analysis predicted 
a 14.3 percent probability that an individual marsh rice rat using the area within USEPA’s 
Preliminary Site Perimeter under baseline conditions could be exposed to TEQDFP,M at levels 
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exceeding those associated with reproductive effects on mammals.  Given the spatial bias in 
the dataset towards areas containing the sediment with the highest dioxin and furan 
concentrations within USEPA’s Preliminary Site Perimeter, and given that these rodents can 
rear more than one litter each year, and that the probability of exposure at the effects level is 
low, baseline risks to the assessment endpoint of stable or increasing populations of 
omnivorous mammals within USEPA’s Preliminary Site Perimeter are negligible.  
Implementation of the TCRA eliminated risks to the marsh rice rat and the mammals it 
represents. 
 

5.5.2.5.5 Characterization of Risks to Reptiles 

There is insufficient information on the toxicity of COPCEs to specifically and quantitatively 
address potential risks to the assessment endpoint of stable or increasing populations of 
reptiles in the area north of I-10 and aquatic environment.  The evaluation of risk to reptiles 
was qualitative.  Although there are substantial uncertainties about dermal absorption of 
COPCEs, in addition to uncertainties about toxicity, comparison of the alligator and snapping 
turtle’s ingested doses with those of bird and mammal receptors indicates that exposure 
potential of reptiles via ingestion is very low.  For this reason, and because risks for COPCEs 
other than dioxins and furans are low for some but more often negligible for these other 
receptors, risks to reptiles for COPCEs other than dioxins and furans are also considered to be 
low.  However, risks to reptiles living in close association with the impoundments north of 
I-10 from exposure to dioxins and furans could exist under baseline conditions, because risks 
to spotted sandpiper and marsh rice rat are present, and because reptiles may be more 
susceptible to dermal uptake of dioxins and furans, increasing their exposure over estimates 
of exposures via ingestion that are presented by the BERA for the area north of I-10 and 
aquatic environment.  However, because implementation of the TCRA resolves potential 
risks to sandpiper and marsh rice rat, any risk to reptiles, if present, would be similarly 
reduced.  Baseline risks to reptiles from exposure to dioxins and furans are unknown. 
 

5.5.2.6 Ecological Risk Assessment Conclusions 

Baseline risks to benthic macroinvertebrate communities and populations of fish, birds, 
mammals, and reptiles resulting from the presence of metals, BEHP, PCBs, carbazole, and 
phenol in the area north of I-10 and the aquatic environment were determined in the BERA 
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to be negligible.  Risks to fish populations from all COPCEs were negligible.  There were 
negligible risks found to populations of wading birds represented by the great blue heron, 
and to populations of diving birds like the neotropic cormorant.  There were negligible risks 
to populations of terrestrial mammals such as the raccoon.  Low to negligible risks to 
individual terrestrial invertivorous birds like the killdeer were identified for exposure to 
zinc, and risks were found to be negligible to populations of such birds.  There were also low 
to negligible risks to individual terrestrial invertivorous birds from exposure to dioxins and 
furans.  
 
Baseline risks to ecological receptors associated with the wastes in the northern 
impoundments as the result of exposures to dioxins and furans are localized to the immediate 
vicinity of the impoundments.  Baseline ecological risks include reproductive risks to 
molluscs from exposure to 2,3,7,8-TCDD, but primarily in the area of Transect 3, which 
surrounds the northern impoundments, and low risks of reproductive effects in individual 
molluscs in sediments adjacent to the upland sand separation area, but not to populations of 
molluscs.   
 
Baseline risks include moderate risks to individual birds like the killdeer or spotted sandpiper 
whose foraging area could regularly include the shoreline adjacent to the northern 
impoundments, but low risk to populations because of the low to moderate probability that 
individual exposures reach effects levels.  Baseline risks include risks to individual small 
mammals with home ranges that include areas adjacent to the impoundments such as the 
marsh rice rat, but low to negligible risks to small mammal populations because of the 
moderate probability that exposures will reach levels associated with reproductive effects in 
individuals, and because small mammals reproduce rapidly.  
 
To the extent that risks from chemicals other than dioxins and furans occur within USEPA’s 
Preliminary Site Perimeter, they are not associated solely with potential releases of wastes 
from the northern impoundments.  Substantial exposure of killdeer to zinc and a variable 
fraction of the exposures of several receptors to PCBs occur in background areas. 
 
Implementation of the TCRA has reduced individual and population-level risks associated 
with dioxins and furans to negligible, but does not affect risks to killdeer from zinc, 
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suggesting that the wastes in the northern impoundments were not the primary source of 
exposures of killdeer to zinc.  Results of the evaluation of post-TCRA ecological risks support 
the conclusion that localized exposures of ecological receptors to wastes in the northern 
impoundments under conditions that existed immediately prior to implementation of the 
TCRA are the primary driver of baseline ecological risk in the area north of I-10 and the 
aquatic environment.  The localized exposure conditions and risks resulting from any direct 
contact with the wastes in the northern impoundments were addressed by the TCRA. 
 

5.6 Chemical Fate and Transport  

The chemical fate and transport evaluation uses information on physical characteristics of 
the site environment, chemical characteristics of COCs, and the extent and distribution of 
COCs to describe the rates, pathways, and direction of COC transport in the site 
environment.  Evaluation of data characterizing chemical fate and transport processes is 
described in Sections 5.6.1 through 5.6.4 below.  Furthermore, to address abiotic processes 
governing fate and transport of COCs within USEPA’s Preliminary Site Perimeter, a linked 
series of numerical models was developed.  These models describe internal and external 
loading of dioxins and furans to the aquatic and sediment environment, interactions between 
media within the aquatic system, and physical movement of COCs.  The models were built 
with site-specific data and can be used to evaluate outcomes of risk management strategies in 
the FS.  The models address the Study Area, which encompasses a larger area than USEPA’s 
Preliminary Site Perimeter.  A full description of the fate and transport model development 
is provided in the SAP Addendum, Chemical Fate and Transport Modeling Study (Anchor 
QEA and Integral 2011d), and in the draft final Chemical Fate and Transport Modeling 
Report (Anchor QEA 2012b), which also provides a detailed account of results of the site-
specific modeling to date (Anchor QEA 2012b).  A summary of the modeling study is 
presented in Section 5.6.5 below. 
 
For the RI, several work elements have been undertaken to address bioaccumulation.  Dioxin 
and furan data for tissue, sediment, and water collected in the HSC region by TCEQ 
(University of Houston and Parsons 2006) were evaluated and a literature review was 
undertaken; these efforts are synthesized in the Bioaccumulation Tech Memo 
(Integral 2010a).  Further, site-specific tissue and sediment data were analyzed in the PSCR 
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(Integral and Anchor QEA 2012a).  Regression models derived by Integral (2010b) were used 
to predict tissue concentrations of dioxins and furans for the post-TCRA human health risk 
assessment and for comparisons of actual baseline tissue to predicted concentrations (see 
Appendix F of the BHHRA).  An overview of the results of these analyses is provided below.  
BSAFs were calculated for selected dioxin and furan congeners (Appendix B), as required by 
USEPA in its comments on the draft PSCR.  
 

5.6.1 Fate and Transport Processes 

The general processes affecting fate and transport of hydrophobic chemicals within an 
aquatic system are depicted on Figure 5-36.  External loads of chemicals can enter the area of 
interest as point sources (e.g., outfalls) or distributed sources (e.g., atmospheric deposition).  
Hydrodynamic processes such as freshwater flow and tidal circulation cause chemicals to be 
transported within the water column in the direction of the currents.  Other fate processes 
that occur in the water column include partitioning between dissolved and particulate 
(i.e., adsorbed to suspended sediment) phases, as well as to dissolved organic carbon (DOC) in 
some cases, and degradation reactions (for some chemicals and under certain conditions).  
Chemicals in the water column can be lost to the atmosphere via volatilization, depending 
on their characteristics.  Chemicals are also exchanged with the underlying sediment bed via 
the processes of deposition and resuspension of sediments and associated particulate-phase 
chemicals, and by porewater exchange flux.  A number of fate and transport processes also 
occur within the sediment bed, including mixing (i.e., bioturbation) within the surficial 
sediments, vertical transport/exchange within the porewater, as well as partitioning and 
biodegradation (when applicable).  In a net depositional environment, there is a net transfer 
of chemicals from the surficial layers to the deeper layers of the bed (i.e., burial). 
 
The processes described above can be grouped into three general categories:  hydrodynamics, 
sediment transport, and chemical fate.  The subsections that follow provide a more detailed 
discussion of these processes as they apply to dioxins and furans within the vicinity of 
USEPA’s Preliminary Site Perimeter and the larger San Jacinto River system.  
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5.6.2 Hydrodynamic Processes 

In the vicinity of USEPA’s Preliminary Site Perimeter, the San Jacinto River is an estuarine 
system with the primary freshwater inflow occurring at the Lake Houston Dam.  Water 
depths in the area of USEPA’s Preliminary Site Perimeter range from relatively shallow in 
intertidal areas (3 feet or less) to relatively deep in the main channel of the river (about 
30 feet).  The average flow rate at the dam is 2,600 cfs.  Peak flow rates during the 2- and 
100-year floods in the San Jacinto River are 38,400 and 372,000 cfs, respectively (see 
Section 3.3.1 of Anchor QEA [2012b]).  On October 19, 1994, a flow rate of 356,000 cfs 
(50- to 100-year return period) was measured in the San Jacinto River at the USGS gauging 
station located at the US 90 Bridge near Sheldon, Texas.  Peak flow rate at the dam during 
Tropical Storm Allison (June 10, 2001) was 80,500 cfs (5-year return period); during 
Hurricane Ike (September 15, 2008), the flow rate was 63,100 cfs (2- to 5-year flood).  
Hydrographs showing flow rate at Lake Houston Dam during 2001 and 2008 are provided on 
Figures 5-37 and 5-38, respectively. 
 
Water surface elevation in the San Jacinto River is affected by the following processes: 
diurnal tides generated in the Gulf of Mexico, low-frequency storm events (e.g., hurricane 
storm surges), and floods on the river.  The typical tidal range is about 2 feet, with hurricane 
storm surges usually causing increases in water depth of 4 to 6 feet.  Floods can cause water 
surface elevations to increase by 10 to 20 feet or more (relative to average flow conditions), 
as illustrated by Figures 5-37 and 5-38. 
 
Current velocity data were collected within USEPA’s Preliminary Site Perimeter during 2010 
and 2011.  Typical peak velocities at the current meter location during 2010 ranged between 
0.5 and 1.0 feet/second, with maximum values of about 2 to 2.5 feet/second when flow rate 
in the river increased to approximately 22,000 cfs.  Drought conditions existed during 2011, 
which resulted in zero freshwater inflow at the dam.  Measured current velocities during 
2011, which were driven entirely by the tides, were less than 0.5 feet/second. 
 
The San Jacinto River is a well-mixed estuary with minimal vertical gradients in salinity.  
This characteristic means that the extent to which density-driven circulation (i.e., two-layer 
flow) occurs in the river is limited.  Average salinity typically ranges between 10 and 20 ppt 
near Morgan’s Point.  Salinity ranged between about 2 and 12 ppt in the San Jacinto River 
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near the I-10 Bridge during April 2005 (University of Houston and Parsons 2009).  During 
flood conditions, salinity may decrease to close to 0 ppt in parts of the San Jacinto River from 
the large volume of freshwater flowing past Lake Houston Dam.  
 

5.6.3 Sediment Transport Processes 

The primary source of sediment to the San Jacinto River is the incoming load at the Lake 
Houston Dam.  The average annual sediment load at the dam is estimated to be 
381,000 metric tons/year (see Section 4.2.3 of Anchor QEA 2012b).  The annual load at the 
dam is highly variable, with lower loads during low-flow years and higher loads during high-
flow years.  During the 21-year period from 1990 through 2010, the annual sediment load 
was estimated to vary between about 78,000 and 1,500,000 metric tons/year.18  Sediments 
entering the San Jacinto River from Lake Houston can be transported in the water column as 
suspended sediment, and interact with the sediment bed through deposition and erosion 
processes. 
 
The nature of the sediment bed affects sediment transport processes (as well as chemical 
distributions, because dioxins and furans preferentially bind to finer sediments having a 
higher organic carbon content, as discussed in Section 5.2.3.1).  Based on bed probing and 
grain size data (see Section 2.2 and Figure 5-39), the sediment bed within USEPA’s 
Preliminary Site Perimeter is composed of cohesive (i.e., muddy) and non-cohesive (i.e., 
sandy) sediments, with about 80 percent of the area having a cohesive bed.  Within cohesive 
bed areas, the average clay/silt content in the bed is about 51 percent, with the remaining 
49 percent containing sand and gravel.  Non-cohesive bed areas are coarser, with average 
clay/silt and sand/gravel contents of 11 percent and 89 percent, respectively.  Average dry 
densities of cohesive and non-cohesive bed areas are 0.83 and 1.4 g/cm3, respectively.  
Erosion rate data of cohesive sediment collected in the San Jacinto River (see Section 2.2.4 of 
this RI Report and Appendix E of Anchor QEA 2012b) indicate that the erodibility of bed 
sediment decreases with increasing depth in bed.  This characteristic is consistent with the 
typical behavior of a cohesive sediment bed, where consolidation effects cause deeper 
sediment to be more difficult to erode than surface-layer sediment.   

                                                 
18 An expanded discussion of sediment loads is provided in the Fate and Transport Modeling Study (Anchor 
QEA 2012b). 
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The NSR in the sediment bed is an important determinant of the propensity for chemicals to 
undergo natural recovery or burial.  Eight radioisotope cores were collected from cohesive 
bed areas in the San Jacinto River during 2011 (see Section 2.2.4 of this RI Report and 
Appendix F of Anchor QEA 2012b).  Geochronology analyses of the vertical profiles of lead-
210 data produced a range of NSRs of 0.4 to 3 cm/year at six of the core locations, with no 
discernible markers existing in two cores (i.e., a reliable estimate of NSR could not be 
determined), as shown on Figure 5-40.  The geochronology analysis produced an NSR 
estimate based on cesium-137 data at one core location.   
 
The radioisotope core data provide information at locations that are net depositional over 
multi-year periods; this type of data cannot be used to examine the effects of erosional 
processes.  The sediment transport model discussed in Section 5.6.5 was used to evaluate 
spatial and temporal variations of erosion and deposition within USEPA’s Preliminary Site 
Perimeter over multi-year periods that incorporated the effects of numerous high-flow 
events (including a 100-year flood in 1994).   
 

5.6.4 Chemical Fate Processes 

The key chemical fate processes affecting dioxins and furans within the aquatic environment 
within USEPA’s Preliminary Site Perimeter are as follows: 

• Sediment-water interactions – Because of the hydrophobic nature of dioxins and furans, 
they preferentially bind to particulate matter, and the sediment bed therefore serves as a 
net sink.  To the extent dioxins and furans may have accumulated within the bed over 
time, they can act as a source to the water column, and chemicals being transported in 
the water column can likewise deposit on the bed.  The fluxes between the bed and water 
column are driven largely by sediment deposition and erosion processes, especially 
during episodic events such as floods and hurricanes.  Deposition also provides a 
mechanism for natural recovery if concentrations of particles in the water column are 
lower than those at the bed surface.  Thus, within-bed dynamics such as transfers 
between surface and deeper layers of the bed are also important.   

• Partitioning and dissolved phase flux – The distribution of dioxins and furans between 
the particulate and dissolved phases within the water column and bed sediments is 
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determined by their partitioning behavior.  Because they are highly hydrophobic (as 
indicated by high KOW; e.g., Mackay et al. 1992), dioxins and furans will primarily be 
present in particulate form, which means that their fate is largely determined by 
sediment transport processes.  However, in areas where dioxins and furans have 
accumulated within the surface layer of the sediment bed, partitioning will result in 
porewater concentrations that can be much greater than those in the overlying water 
column.  Such a concentration gradient, through the process of surface exchange flux 
(due to diffusion, bioturbation, and tidal pumping), results in a transfer of dissolved-phase 
mass to the water column that can significantly affect concentrations in the river under 
low flow conditions. 

• Transport in the water column – Dioxins and furans that are present in the water 
column, in both dissolved and particulate phases, are transported with the currents, 
which are affected by freshwater flow in addition to more complex circulation patterns 
associated with the tides.  Transport in the water column differs depending on the flow 
regime, since the relative importance of freshwater flow and tidal action, as well as the 
fate and transport processes that are active, differ by flow conditions.  For example, under 
higher flow conditions, downstream transport with freshwater flow is more important, 
and sediment deposition and erosion are greater.  Under lower flow conditions, tidal 
circulation is an important determinant of water column transport, and the extent to 
which tidal action mixes waters originating from the San Jacinto River and the HSC 
upstream of their confluence increases. 

• Inputs from external sources – In addition to fluxes from the sediment bed, which are 
considered an internal source, dioxins and furans also enter the aquatic environment 
within USEPA’s Preliminary Site Perimeter via external sources.  As documented in the 
PSCR (Integral and Anchor QEA 2012a), transport of dioxins and furans via groundwater 
was shown to be insignificant due to low hydraulic conductivity and the presence of 
downward hydraulic gradients.  However, dioxins and furans were detected in samples of 
outfalls and surface runoff and in dry and wet atmospheric deposition samples that were 
collected adjacent to the San Jacinto River and in areas within USEPA’s Preliminary Site 
Perimeter as part of the TMDL study (University of Houston and Parsons 2006).  These 
processes therefore represent external sources to the aquatic environment of the Study 
Area. 
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Other loss processes such as volatilization and degradation reactions are generally not 
important for dioxins and furans (e.g., USEPA 1994). 
 
The chemical fate processes described above can be evaluated by reviewing spatial patterns 
in surface water data.  The TMDL study included collection of surface water samples during 
several sampling events in 2002 to 2004; these were conducted under primarily low-flow 
conditions.  Samples were collected from several locations within the San Jacinto River, 
including one in the area of the northern impoundments (University of Houston and Parsons 
2006), and were analyzed for particulate and dissolved phase dioxins and furans (URS 2010) 
(among other conventional parameters).  In addition, TCEQ collected three surface water 
samples in 2009 from within the perimeter of the impoundments north of I-10 and analyzed 
the samples for total dioxins and furans.  The locations of the TMDL and TCEQ surface water 
samples are shown on Figure 5-41.  Spatial patterns in these surface water data are shown on 
Figures 5-42a,b,c for three dioxin and furan congeners: 2,3,7,8-TCDD, 2,3,7,8-TCDF, and 
OCDD.  Together, the first two of these congeners account for a majority of TEQDF,M.  OCDD 
dominates dioxin and furan mass in sediments within USEPA’s Preliminary Site Perimeter 
and is reflective of regional background sources.  The following observations with respect to 
chemical fate and transport can be made from the spatial patterns in 2,3,7,8-TCDD and 
2,3,7,8-TCDF shown on Figures 5-42a and 5-42b: 

• Concentrations at the upstream most sampling locations were relatively low (but 
generally detectable), and there was a suggestion of a slight increase between River Miles 
15 and 10, which reflect inputs from external/background sources upstream of USEPA’s 
Preliminary Site Perimeter.   

• The concentrations at River Mile 4.5, which is approximately 1 mile upstream of the 
upstream limit of USEPA’s Preliminary Site Perimeter, were higher than those farther 
upstream, which likely reflected inputs from generally higher concentration sediments in 
this area, but may also have reflected inputs from additional external sources between 
River Miles 10 and 4.5, as wells as inputs from areas further downstream (including the 
area within USEPA’s Preliminary Site Perimeter), depending on the tidal circulation 
patterns present at the time of sampling.  

• The 2002 to 2004 TMDL samples exhibited an approximate 20-fold increase in 
concentrations between River Miles 4.5 and 2.5, likely reflecting flux from sediments in 
this region, which includes sediments within USEPA’s Preliminary Site Perimeter.  The 
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2,3,7,8-TCDD and 2,3,7,8-TCDF concentrations measured at the northern impoundments 
from the 2009 TCEQ sampling were approximately 5 to 6 times as high as concentrations 
from the samples collected at the TMDL station, which was in the same area but 
approximately 0.25 mile away from the impoundments, near the eastern I-10 Bridge 
abutments.  The differences in concentrations between these locations were likely a 
result of localized variations in flux from sediments and circulation patterns present at 
the time of sampling.  It should be noted that recent surface water measurements, taken 
just above the TCRA armored cap as part of the cap monitoring program described in 
Section 5.3, showed dissolved concentrations of 2,3,7,8-TCDD and 2,3,7,8-TCDF have 
decreased to below 0.01 pg/L with implementation of the TCRA.  

• Between River Mile 2.5 and River Mile –0.5, which is just downstream of the confluence 
with the HSC, concentrations exhibited a three- to five-fold decrease, which was likely a 
result of mixing of waters flowing through the San Jacinto River with those from the 
HSC having somewhat lower concentrations. 

 
In contrast, the OCDD water column data (Figure 5-42c) show little to no gradient across the 
San Jacinto River, as the data vary by no more than approximately a factor of 2.  This lack of 
a gradient in OCDD reflects the ubiquitous nature of this congener in the San Jacinto River, 
which is driven by regional background sources.  The 2009 TCEQ samples suggest a slight 
decrease in OCDD concentrations within the area of USEPA’s Preliminary Site Perimeter, 
and concentrations in the San Jacinto River are slightly higher than those downstream at the 
HSC confluence.   
 
The dissolved and particulate phase concentrations from the TMDL surface water data can be 
used to evaluate dioxin and furan partitioning characteristics.  Spatial patterns of these data 
are presented on Figures 5-43a,b,c for 2,3,7,8-TCDD, 2,3,7,8-TCDF, and OCDD, respectively.  
The spatial patterns of the dissolved and particulate phase concentration data track those 
observed for the whole water data.  The concentrations in the particulate phase (bottom 
panels) are approximately an order of magnitude higher than the dissolved phase (top 
panels), which also exhibit a lower detection frequency for 2,3,7,8-TCDD.  These data 
indicate that 90 percent or more of the dioxins and furans in the water column were 
associated with particulate matter, which is expected given their high KOW, and illustrates the 
importance of particulate-phase transport mechanisms in determining their fate in the river.  
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Partitioning in the San Jacinto River water column has been extensively evaluated 
(e.g., Suarez et al. 2006; Howell et al. 2011b), and as discussed in Section 5.2.6 of 
Anchor QEA (2012b), has been found to generally conform to expected behavior when DOC 
is taken into account.   
 
It is important to note that the spatial patterns in water column dioxin and furan 
concentrations described above do not characterize high flow or storm (hurricane) event 
conditions.  Under those conditions, deposition and erosion processes would be more 
significant.  The concentrations and spatial patterns in surface water dioxin and furan 
concentrations would be expected to differ under those conditions as well. 
 
Furthermore, it is also important to recognize that the TMDL surface water data described 
above reflect conditions from the early 2000s.  These data and the 2009 TCEQ samples were 
collected prior to completion of the TCRA.  Current concentrations of dioxins and furans 
within the San Jacinto River surface water, including the extent to which they increase in 
the area within USEPA’s Preliminary Site Perimeter, would be expected to be much lower:   

• Surface sediment concentrations within USEPA’s Preliminary Site Perimeter have 
decreased over the last decade, as shown by the statistical comparisons of distributions 
and surface area-weighted average concentrations between the 2005 TMDL and 2010 RI 
datasets presented in the COPC Tech Memo (Integral 2011a). 

• As shown by data collected as part of the TCRA armored cap porewater assessment, 
surface water concentrations of 2,3,7,8-TCDD and 2,3,7,8-TCDF were substantially 
reduced, and the potential flux of dioxins and furans from the northern impoundments 
was reduced or eliminated with implementation of the TCRA.  As noted above, prior to 
construction, the sediments within the original 1966 perimeter of the impoundments 
north of I-10 exhibited substantially higher concentrations than the surrounding areas 
and represented a potential source to the river.  As discussed in Section 5.3, monitoring of 
porewater from within the TCRA armored cap and surface water immediately above it 
resulted in dissolved phase dioxin and furan concentrations that are much lower than the 
levels measured in the 2002 to 2004 TMDL and 2009 TCEQ datasets described above. 

 
A further understanding of chemical fate and transport within USEPA’s Preliminary Site 
Perimeter, including the differences between low- and high-flow conditions and changes 
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over time, can be obtained by developing mathematical models that quantify the myriad 
processes and factors described above.  That was the objective of the Chemical Fate and 
Transport Modeling Study: such a model was developed and calibrated (Anchor QEA 2012b), 
as summarized in the following subsection.  
 

5.6.5 Summary of Fate and Transport Modeling Study 

The mathematical modeling framework that was applied in this study consists of 
hydrodynamic, sediment transport, and chemical fate and transport models that are linked 
together (Figure 5-44).  The hydrodynamic model accounts for the effects of the following 
factors on water movement in the San Jacinto River:  

• Freshwater inflow from Lake Houston Dam 
• Freshwater inflow from tributaries to the HSC that are upstream of its confluence with 

the San Jacinto River 
• Tides. 

 
The hydrodynamic model is used to simulate temporal and spatial changes in water depth, 
current velocity, and bed shear stress.  This information is transferred from the 
hydrodynamic model to the sediment transport model, where it is used to simulate the 
erosion, deposition, and transport of sediment in the San Jacinto River.  The sediment 
transport model is used to simulate temporal and spatial changes in suspended sediment 
concentrations in the water column and bed elevation changes (i.e., bed scour depth and 
NSR).  The results from the hydrodynamic and sediment transport models are transferred to 
the chemical fate and transport model, which calculates spatial and temporal variations of 
dioxin and furan concentrations in the water column and sediment bed of the Study Area, 
which was defined as the San Jacinto River from Lake Houston Dam to the confluence with 
the HSC. 
 
The hydrodynamic, sediment transport, and chemical fate and transport models are 
constrained by governing equations that are based on the conservation of mass and 
momentum.  Mechanistic formulations and algorithms based on the state of the science are 
used in these models to simulate the processes governing the movement of water, sediments, 
and chemicals.  The formulations and algorithms used to simulate sediment deposition and 



 
 
 Area North of I-10 and Aquatic Environment 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 5-100 090557-01 

erosion and chemical fate processes are based on empirical information and data from a wide 
range of laboratory and field studies.  In addition, data collected from within the Study Area 
were used to determine the various parameters used in the models, which provides 
additional constraints on the models.  A primary objective of all modeling studies is to use 
laboratory and site-specific data to constrain model inputs to the greatest extent possible 
because it reduces the uncertainty in model predictions and increases model reliability. 
 
The spatial domain for the hydrodynamic model encompasses the San Jacinto River from 
Lake Houston Dam to the confluence with the HSC, and also includes a portion of the HSC 
(to ensure accurate representation of circulation within USEPA’s Preliminary Site 
Perimeter).  The resolution of the grid cells is spatially variable, with high resolution 
(i.e., smaller grid cells) in the region near the northern impoundments.  The sediment 
transport and chemical fate models use the same numerical grid as the hydrodynamic model. 
 
The hydrodynamic model was calibrated using current velocity and water surface elevation 
data collected at two locations in the Study Area during 2010 and 2011.  The results of the 
calibration simulations indicated the following: 

• Current velocity was underpredicted somewhat during tidally dominated conditions (i.e., 
relatively low flow rate at the dam). 

• Current velocity was simulated during higher flow conditions with good accuracy.  
• The model reproduced the significant decrease in current velocity that occurred during 

the low-flow period monitored in 2011 (i.e., zero flow rate at the dam). 
 
Even though dry weather conditions prevented collection of current velocity data during 
high-flow events within the RI data collection period, model reliability was evaluated over 
multi-year periods that included numerous floods.  The hydrodynamic model was validated 
using stage height data collected at the US 90 bridge during a 14-year period (1997 through 
2010).  Eight high-flow events (including Hurricane Ike in 2008) with return periods 
between 2 and 5 years during occurred during this 14-year period, with the November 1998 
flood having a return period between 5 and 10 years.  The sediment transport model was 
calibrated over the 21-year period from 1990 through 2010.  That 21-year period included all 
of these high-flow events, as well as the effects of the 100-year flood that occurred in 1994.  
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Therefore, calibration and validation of the hydrodynamic and sediment transport models 
incorporated the evaluation of model performance during multiple high-flow events.   
 
Comparisons of measured and predicted flow rates in the San Jacinto River at the US 90 
Bridge indicate that the method used to estimate flow rate at the dam for the period before 
1996 provides reliable estimates of inflows to the hydrodynamic model.  Daily-average water 
surface elevation data collected at the US 90 Bridge during a 14-year period (1997 to 2010) 
were used for additional validation of model performance over a wide range of flow 
conditions in the river.  Overall, the calibration and validation results demonstrate that the 
model is able to simulate the hydrodynamics within the Study Area (i.e., San Jacinto River 
from Lake Houston Dam to the confluence with the HSC) with sufficient accuracy to meet 
the objectives of the study.  The lack of high-flow conditions during the sampling period and 
the potential impacts on model uncertainty are discussed further in the Fate and Transport 
Study Model Report (Anchor QEA 2012b).   
 
The main calibration target for the sediment transport model was the long-term NSR 
estimated from radioisotope cores collected at 10 locations within the Study Area (see 
Figure 5-40).  The calibration period for the sediment transport model was the 21-year 
period from 1990 through 2010.  Overall, the model predicts NSRs with reasonable accuracy.  
The general pattern of net sedimentation predicted by the model is qualitatively consistent 
with known characteristics of the Study Area.  At small spatial scales (e.g., single grid cell), 
the uncertainty in model reliability is higher; however, as the spatial scale increases, the 
uncertainty in model predictive capability decreases.  This trend (i.e., decreasing uncertainty 
in model reliability with increasing spatial scale) is consistent with sediment transport 
models developed at other sites that have been successfully calibrated and used as a 
management tool.   
 
The chemical fate and transport model was developed for three dioxin and furan congeners 
(2,3,7,8-TCDD, 2,3,7,8-TCDF, and OCDD) and simulates the key processes affecting 
hydrophobic organic chemicals, as discussed in Section 5.6.1.  Parameters describing the 
various processes simulated by the fate model were developed based on available Study Area 
data, information generated as part of the dioxin TMDL study, and literature.  The chemical 
fate model was calibrated using surface water and sediment bed data.  The model was shown 
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to provide a good representation of spatial gradients in water column concentrations across 
the Study Area, including observed increases in 2,3,7,8-TCDD and 2,3,7,8-TCDF 
concentrations between River Miles 5 and 2 (Figures 5-42a and 5-42b), as well as the general 
lack of a spatial gradient in OCDD concentrations (Figure 5-42c).  The model also captured 
smaller-scale features such as the locally increased concentrations observed in the vicinity of 
the northern impoundments.  Finally, the model simulated the observed spatial patterns and 
differences between particulate- and dissolved-phase water column concentrations within 
the Study Area.  With respect to surface sediment concentrations, the fate model predicted a 
decline in surface sediment concentrations within the area surrounding USEPA’s 
Preliminary Site Perimeter over the period from 2005 to 2010 that is within a factor of 2.5 of 
the decline estimated from data-based evaluations presented in the PSCR, which are 
considered consistent when uncertainties associated with both the data and model are taken 
into account.  Sensitivity analyses were performed with the fate model to provide 
quantitative estimates of the impacts of parameter uncertainty; in general, the fate model was 
not highly sensitive to the uncertain input parameters. 
 

5.6.6 Summary of Bioaccumulation Modeling  

The data analyses and the literature review presented in the Bioaccumulation Tech Memo 
(Integral 2010a), including evaluation of region-specific multivariate correlations, indicates 
that the majority of dioxin and furan congeners do not consistently bioaccumulate in fish or 
invertebrate tissue.  Moreover, systematic predictions of bioaccumulation from 
concentrations of dioxins and furans in abiotic media (both sediment and water) are only 
possible for some congeners, have limited explanatory power, and are associated with high 
uncertainty (Integral 2010a).  These limitations are partly due to variability in uptake 
efficiencies for different congeners, from various exposure media, through different exposure 
routes, and by different species.  The ability of organisms to transform and eliminate the 
different dioxin and furan congeners, and the differences in transformation and elimination 
rates for different congeners adds complexity to patterns of dioxin and furan 
bioaccumulation across the range of taxa evaluated for this RI.  A common conclusion in the 
literature (both controlled dosing experiments and observational studies) is that dioxin and 
furan bioaccumulation is regulated more by physiological mechanisms such as limitations on 
rates of uptake across gill and gut membranes imparted by the size of molecules 
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(Opperhuizen and Sijm 1990), metabolism, and excretion, than by chemical properties such 
as log Kow.  Opperhuizen and Sijm (1990) concluded that, because of limitations on 
bioavailability due the large size of dioxin and furan molecules, the bioaccumulation of 
dioxins and furans by fish departs from predictable patterns common to a majority of 
hydrophobic organic compounds, such as PCBs, polychlorinated naphthalenes, 
polybrominated biphenyls, and halogenated benzenes.   
 
Although dioxins and furans are clearly absorbed by organisms, and some congeners are 
relatively persistent in biota, the literature discussed in the Bioaccumulation Tech Memo 
(Integral 2010a) and corroborated by analyses of data generated for the RI (Integral 2012c; 
Integral and Anchor QEA 2012a) demonstrate that the 17 dioxin and furan congeners do not 
show a consistent increase with increasing trophic level in aquatic and marine food webs; 
that is, they have limited potential to biomagnify, and most dioxin and furan congeners do 
not biomagnify.  In contrast, other hydrophobic chemicals such as PCBs clearly show 
increasing concentrations with increasing trophic level (i.e., biomagnification).  For example, 
Naito et al. (2003) quantitatively contrasted the behavior of 2,3,7,8-substituted dioxin and 
furan congeners and non-ortho and mono-ortho (“dioxin-like”) PCB congeners in biota.  For 
most dioxin and furan congeners, only those regression curves that show decreasing 
concentrations with increasing trophic level were significant, and the overall correlations 
were generally poor (R2 < 0.4).  In contrast, results for PCBs showed strong and significant 
positive relationships with trophic level for all “dioxin-like” congeners.  This contrast 
between the bioaccumulation of dioxins and furans and that of PCBs is confirmed by the 
analyses of the RI tissue data presented in Section 5.2.4.  Concentrations of dioxins and 
furans in the tissues of clams and killifish (which have limited spatial movements) are clearly 
linked to proximity to the northern impoundments, whereas a similar spatial pattern for 
PCBs in these tissues is not observed.  PCBs in these tissue types varied more widely in 
several transects, including in transects upstream. 
 
The analyses presented in the BERA (Integral 2012c) are also consistent with and reinforce 
this conceptual framework on bioaccumulation.  Benthic fish species overall had higher 
concentrations of dioxins and furans than predatory fish species, suggesting that 
concentrations of dioxins and furans are not predicted by position in the food chain, but are 
accumulated more as a function of proximity to sediment in which dioxins and furans are 
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present.  This has also been observed by USEPA (2009a).  Concentrations of dioxins and 
furans in hardhead catfish fillet tissue were higher than in fillet tissue of other fish species 
caught within USEPA’s Preliminary Site Perimeter, and higher than for other taxa sampled 
for the RI (Integral 2012c).  It is also notable that clams have the second-highest TEQDF,M 
concentrations among tissue collected for the RI within USEPA’s Preliminary Site Perimeter, 
and that, for a few congeners, concentrations in clam tissue correlate reasonably well with 
concentrations in sediments adjacent to where they were collected (PSCR Section 6.2.2.3), 
reinforcing the “proximity” hypothesis.  The findings for clam are particularly relevant as an 
independent line of evidence in support of the conceptual framework on bioaccumulation of 
dioxins and furans presented in the Bioaccumulation Tech Memo (Integral 2010a), because 
this tissue type was not evaluated in deriving the framework.  
 
Evaluation of BSAFs (Appendix B) demonstrates that as an alternative to regression 
modeling, BSAFs are even less useful than regression modeling.  BSAFs for each chemical in 
each tissue type showed ranges of values spanning up to 3 orders of magnitude.  Even for 
clams, which have the strongest sediment-tissue correlations in the RI dataset, the large 
variability of the calculated values indicates that use of BSAFs to predict tissue 
concentrations from sediment concentrations would generate unreliable results 
(Appendix B). 
 
In the context of an RI, the complexity underlying the relationships of dioxin and furan 
concentrations in abiotic environmental media and biota leads to substantial limitations in 
the ability to derive predictive models linking concentrations in sediments with 
concentrations in biota.  These limitations are important to the final analyses leading up to 
RGs or action levels for sediment.  An example of this constraint is discussed in Appendix F 
of the BHHRA (Integral 2012c), where the regression models derived using data for the HSC 
area and presented in the Bioaccumulation Tech Memo were used to predict post-TCRA 
tissue concentrations.  Resulting predictions for some congeners greatly exceed baseline 
concentrations.  In light of these uncertainties, for purposes of risk management, it should 
not be assumed that tissue concentrations of dioxins and furans in tissue will be reduced in a 
linear fashion to correspond with reductions in sediment concentrations.  
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5.7 Refined Conceptual Site Model 

Characterization of the primary physical and chemical processes that control the distribution 
and concentrations of COCs at a site is gained through the iterative development and 
refinement of a CSM using site-specific information.  The CSM is intended to provide a 
succinct depiction of the sources of COCs, the physical-chemical processes that control 
chemical transport and fate over time and space, and the exposure pathways that may lead to 
exposure and adverse effects to ecological and human receptors.  CSMs are a key component 
of the RI/FS process because they illustrate the links between site investigation data and the 
assessment of risk (ASTM 1995), and establish the context for evaluating potential site-
associated sources and risk versus non site-associated sources and risk. 
 
Figure 5-35 is the general CSM pathway diagram that has been derived for the northern 
impoundments and aquatic environment on the basis of the initial evaluation of information 
in the RI/FS Work Plan (Anchor QEA and Integral 2010a) and refinements resulting from 
development of the PSCR.  It illustrates the major sources, release mechanisms, transport 
pathways, exposure media, and potential human and ecological receptors of concern for this 
portion of the area within USEPA’s Preliminary Site Perimeter.  This discussion addresses 
the physical and chemical elements of the CSM with an emphasis on the configuration of the 
impoundments north of I-10; the sources, releases, and transport mechanisms of COCs; and 
the complete and significant exposure pathways that result.  It is intended to build on prior 
discussions in the RI/FS Work Plan and PSCR and synthesize information resulting from 
analyses presented in this RI Report and in the risk assessment reports, with emphasis placed 
on the indicator chemical group, dioxins and furans.   
 
Although the conceptual framework for evaluating dioxin and furan toxicity is important 
(i.e., the use of TEFs to evaluate the additive toxicity of all 17 toxic congeners and the 12 
dioxin-like PCBs), it has been thoroughly presented elsewhere (Anchor QEA and Integral 
2010a; Integral 2012c, 2013), and those discussions are not repeated here.   
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5.7.1 Distinctions between the Northern Impoundments and the 
Impoundment South of I-10 

The original CSM presented in the RI/FS Work Plan did not address the peninsula south of 
I-10.  Soil SAP Addendum 1 (Integral 2011d) presented the CSM for the impoundment that 
USEPA had concluded could be present south of I-10, and it did not address the northern 
impoundments.  Differences in their known histories of the two areas and the results of 
sampling conducted during the RI both require specific conceptual distinctions between the 
two areas with respect to the potential for chemical releases and exposures. 
 
Both the northern impoundments and a separate impoundment to the south of I-10 are 
believed to have received pulp mill wastes in the mid-1960s.  There is evidence from 
historical aerial photographs and sediment data that wastes deposited in the impoundments 
north of I-10 may be a source of dioxins and furans to biotic and abiotic media in the aquatic 
environment.  There is also historical evidence that handling of sediment potentially 
containing paper mill wastes from the northern impoundments occurred on the upland sand 
separation area, and that therefore soils in that area may be affected by wastes from the 
impoundments north of I-10.  Historical information and the source evaluation, including 
the unmixing analysis presented in the PSCR and updated in this RI Report (Section 5.4), 
support the conclusion that the wastes from the northern impoundments are the primary 
source of dioxin and furan toxicity to sediments that are affected by the wastes, but that not 
all dioxins and furans in sediments originate in the wastes from the impoundments north of 
I-10, and the impact to sediment from the impoundments north of I-10 is both localized and 
trackable. 
 
In contrast, as discussed further in Section 6, there is little or no evidence of a complete 
transport pathway for dioxins and furans in surface soils in the peninsula south of I-10 to 
reach the aquatic environment via surface processes such as erosion and runoff, particularly 
under current conditions.  This is supported by the unmixing analysis and soil and sediment 
sampling results for this area, which show low TEQDF,M concentrations in both surface soil 
and surface sediment adjacent to the area south of I-10 (Figure 5-5).  In light of existing 
information, it is therefore appropriate to use one CSM diagram inclusive of the uplands and 
impoundments north of I-10, all aquatic areas within USEPA’s Preliminary Site Perimeter, 
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and related receptors (Figure 5-35), and another separate CSM diagram for the area of the 
soil investigation south of I-10 (Figure 5-45).  
 

5.7.2 Dioxin and Furan Properties and Behavior in the Environment  

Dioxins and furans are a family of polychlorinated organic chemicals with similar chemical 
structures.  They are characterized by extremely low vapor pressures, high octanol-water and 
organic carbon partitioning coefficients (Kow and Koc, respectively), and extremely low water 
solubilities.  These factors indicate a strong affinity for sediments, particularly sediments 
with high organic content.  Although some dioxins deposited on or near the water surface 
will be broken down by sunlight and a very small portion will evaporate to air, the vast 
majority will sorb strongly to particulate matter, including organic matter, and eventually 
settle to the sediment bed, where they will be subject to sediment transport processes.  After 
they are sorbed to particulate matter or bound in the sediment organic phase, they exhibit 
little potential for leaching or volatilization.  They are highly stable in abiotic environmental 
media, with persistence typically measured in decades.  An environmentally significant 
transformation process for dioxin congeners is believed to be photodegradation of chemicals 
not bound to particles in the gaseous phase or at the soil-air or water-air interface 
(USEPA 1994). 
 
Chemical degradation of dioxins and furans through reductive chlorination can also occur.  
Recent research in the San Jacinto estuary found widespread occurrence of known dioxin-
degrading bacteria, Dehalococcoides spp., in sediments throughout the HSC and Galveston 
Bay (Louchouarn and Brinkmeyer 2009).  These bacteria use polychlorinated compounds as 
electron acceptors in the anaerobic process of de-halorespiration (Bunge et al. 2003; Holliger 
et al. 1999; Adrian et al. 2000).  Anaerobic, sulfate-reducing conditions and relatively high 
bulk organic carbon levels appear to be needed for enhanced microbial dioxin degradation 
(Fu et al. 2001).  Louchouarn and Brinkmeyer (2009) report that anaerobic sulfate-reducing 
conditions are present at and below 10 cm in all HSC and Galveston Bay sediments sampled. 
 
Nationally, sediments are considered to be a sink for dioxins (USEPA 2000b).  Dioxins 
entering surface waters partition rapidly to particulates, and preferentially to the organic 
carbon fractions in suspended solids, and are then transported or deposited with bedded 
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sediments.  Black carbon (carbon-rich soots and soot-like material) is believed to offer more 
binding sites for organic materials but its relative abundance and composition is highly 
variable; it generally comprises less than 10 percent of the TOC pool in aquatic sediments 
(Koelmans et al. 2006).  The presence of strong sorbing phases such as black carbon and other 
carbon matrices limit mobility and bioavailability of dioxins and furans and other organic 
compounds (e.g., polycyclic aromatic hydrocarbons [PAHs]).  Koelmans et al. (2006) report 
that black carbon reduced uptake in organisms by up to 2 orders of magnitude. 
 
Chemicals in the near-surface biologically active, or physically mixed zone of the sediments 
may move between solid and aqueous phases (although chemicals with low solubility like 
dioxins and PCBs do not readily mobilize into water) and be remobilized from the sediment 
bed by sediment resuspension and porewater-surface water exchange.  Once in the water 
column, upstream or downstream chemical transport can occur.  Direct biological uptake can 
occur from surface and suspended sediments, porewater, and surface water (see Section 5.6.6 
and Integral 2010a), but is limited for dioxins and furans by their relatively large molecular 
size (Opperhuizen and Sijm 1990; Integral 2010a). 
 
Partitioning between suspended solids and surface and porewater depends on the relative 
chemical concentrations, organic carbon levels and composition, and the dissolved surface 
water fraction, as well as reaction kinetics and the partitioning behavior of individual dioxin 
congeners.  These factors are site- and often sample-specific in the environment.  For samples 
collected from the impoundments north of I-10 and the HSC, Louchouarn and Brinkmeyer 
(2009) modeled porewater concentrations considering both TOC (two-phase model) and 
amorphous organic carbon and black carbon as separate sorbents (three-phase model).  They 
found that the two-phase model was more conservative in predicting porewater 
concentrations (i.e., suggesting the two-phase model overestimates porewater 
concentrations).  This effect was greatest at lower dioxin levels.  They also note that for 
samples with very high dioxin levels (e.g., those from the impoundments north of I-10), the 
sorption capacity of the sediments is exceeded, resulting in very high estimates of dissolved 
dioxins and furans (greater than 1 pg/L), whereas in most areas, the sediment sorption 
capacity is estimated to result in dissolved fractions less than 0.1 pg/L.  In a site-specific study 
of the porewater of the TCRA armored cap, there was little evidence of dissolved dioxins and 
furans in porewater, which is attributable to the effectiveness of the TCRA armored cap and 
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the low solubility and hydrophobicity of dioxins and furans.  Partitioning of dioxins and 
furans in the surface water of the San Jacinto River has been extensively evaluated (e.g., 
Suarez et al. 2006; Howell et al. 2011b), and as discussed in Section 5.2.6 of the Chemical 
Fate and Transport Modeling Study (Anchor QEA 2012b), has been found to generally 
conform to expected behavior, when DOC is taken into account. 
 
Although tetrachlorinated dioxin and furan congeners may bioaccumulate in some aquatic 
biota as well as in aquatic-associated birds and mammals, recent literature and site-specific 
data analysis indicate that most dioxin and furan congeners have limited potential to 
bioaccumulate (USEPA 2008; Integral 2010a).  Analyses performed for this investigation and 
published literature indicate that the use of statistical and other types of predictive models to 
estimate dioxin and furan concentrations in biological tissue from abiotic media generates 
results that are highly imprecise at best (for tetrachlorinated congeners).  For most dioxin 
and furan congeners, this modeling process cannot be undertaken with a reasonable degree 
of confidence.   
 

5.7.3 Sources of COPCs 

The northern impoundments received paper mill wastes in the mid-1960s which were later 
determined to contain dioxins and furans.  Major physical changes resulted in the exposure 
of the wastes deposited within the northern impoundments to surface waters.  In the 
baseline condition, the distribution of this waste material into nearby surface sediments 
eventually led to the chemicals becoming accessible to potential receptors within USEPA’s 
Preliminary Site Perimeter.   
 
Evaluation of fingerprints of the dioxin and furan mixture that is characteristic of the waste 
in the northern impoundments in the PSCR and updated in Section 5.4 has resulted in 
important updates to the CSM.  A specific dioxin and furan mixture, or fingerprint, 
characteristic of paper mill wastes exists and can be used to identify paper mill waste-related 
dioxins and furans in abiotic media (sediments and soils).  This idea has been presented 
previously (Louchouarn and Brinkmeyer 2009; Tzhone 2011a, pers. comm.), but is expanded 
in this RI Report using many more samples of soil and sediment and a mathematical 
unmixing model.  Therefore, not only are dioxins and furans the indicator chemical for the 
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RI, but the specific congener mix characteristic of the waste deposited in the impoundments 
north of I-10 is a definitive indicator of this important source of COCs within USEPA’s 
Preliminary Site Perimeter.  With this information, the spatial extent to which the wastes 
from the northern impoundments are present in soil and sediment under baseline conditions 
can be determined.  In addition, the fraction of the mass of dioxins and furans in any given 
sample attributable to the impoundment wastes can be characterized and related uncertainty 
quantified. 
 
The regional atmospheric and point discharge sources of dioxins and furans to areas within 
USEPA’s Preliminary Site Perimeter—which are described in Section 5.4.1 and include the 
Equistar, Lyondell, and Baytown facilities; the wastewater outfall within USEPA’s 
Preliminary Site Perimeter; and numerous stormwater outfalls—are also likely sources of 
dioxins and furans within USEPA’s Preliminary Site Perimeter; the unmixing analysis 
presented in Section 5.4.1.2 highlights the importance of recognizing these inputs to the 
aquatic environment.  Two of these inputs occur within USEPA’s Preliminary Site Perimeter.  
The unmixing analysis identified two major types of dioxin and furan sources, one of them 
with a congener pattern very similar to sludge and effluent samples from these facilities, and 
similar to a generalized urban background associated with diesel exhaust, tire burning, and 
other urban pyrogenic sources, and to site-specific background (Figure 5-25) (USEPA 2005b).  
The unmixing analysis also demonstrated that it is possible to have relatively elevated 
TEQDF,M concentrations in sediment, even with only a small contribution from the waste in 
the impoundments north of I-10 to the total mass of dioxins and furans in a sediment sample.  
The background soil study in Burnet Park and the I-10 Beltway 8 Green Space demonstrated 
that a range of dioxin and furan concentrations (as individual congener concentrations and 
TEQDF,M) occurs in soil that have no influence from locations within USEPA’s Preliminary 
Site Perimeter (Table 4-1), suggesting that urban background influences on soils, and by 
extension sediments, can be significant in terms of overall dioxin and furan load.  Analysis 
presented in Section 5.4 indicates that permitted wastewater outfalls on the Southwest 
Shipyards property along the eastern shoreline of the peninsula south of I-10 are a likely 
source of metals in sediments in that area, because concentrations of some metals, such as 
zinc, in sediments there are higher than concentrations in the northern impoundments. 
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In light of this information, other sources within USEPA’s Preliminary Site Perimeter, and 
their contribution to the total dioxin and furan, PCBs and metals burden in sediments, 
should be considered in the overall CSM.  Therefore, the CSM diagram (Figure 5-35) shows 
“Other Sources within USEPA’s Preliminary Site Perimeter” contributing COPCs directly to 
sediments, surface water, and soil. 
 

5.7.4 Chemical Transport 

Information from the unmixing analysis improves understanding of the extent of releases 
and mechanisms controlling the presence of dioxins and furans in sediment within USEPA’s 
Preliminary Site Perimeter.  Information from the groundwater study north of I-10 indicates 
that dioxins and furans associated with the northern impoundments are not present in 
alluvial groundwater or the deep aquifer.  Groundwater sampling also indicates that, within 
the waste material, porewater chemistry or suspended particulates within porewater may be 
affected by the chemistry of the waste solids, although the TCRA porewater assessment 
found no concentration gradient for 2,3,7,8-TCDD or 2,3,7,8-TCDF in porewater within the 
TCRA armored cap.  Review of surface water data and results from the Chemical Fate and 
Transport Modeling Study (Anchor 2012b) provide information on larger scale chemical 
transport within the area of USEPA’s Preliminary Site Perimeter. 
 

5.7.4.1 Sediments 

According to the original CSM for the Site, 
Material from the berm and from within the impoundment was subject to 
mobilization and redistributed by erosion resulting from tidal and river currents.  
Dredging activities in the area may have affected the Site.  Mobilization of materials 
by dredging may have released sediment-associated contaminants to the water 
column that would have settled to the bottom.   

 
The Soil SAP (Integral 2011c) also discusses release mechanisms, as follows:  

Based upon review of USACE approved dredging permits, dredging by third parties 
has occurred in the vicinity of the perimeter berm at the northwest corner of the 
impoundments that are north of I-10.  Interpretation of historical aerial photographs 
suggests that the sand mining operation and processing of related sediments extended 
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to the upland area to the west of the northern impoundments, potentially affecting 
soils in that upland area. 

 
Results of the unmixing analysis presented in Section 5.4 confirm that northern 
impoundment waste-related dioxins and furans occur in surface and subsurface sediments in 
a small area at the northeastern tip of the upland sand separation area, and in one sample of 
subsurface soils (12 to 24 inches deep) in this area (Figure 5-34).  Elsewhere in this area, in 
one surface sediment sample to the north of the eastern part of the upland sand separation 
area (SJNE041), the TEQDF,M is relatively elevated (121 ng/kg) and the dioxin and furan 
mixture consists of approximately 25.2 percent EM2, the mixture characteristic of the waste 
in the impoundments north of I-10.  Subsurface intervals at this location show no influence 
from the wastes, indicating the presence of dioxins and furans only at the surface at this 
northern station.  Results for both surface and subsurface samples at Station SJNE041 are 
interpreted to indicate that waste-related dioxins and furans present in sediment here is 
limited to the surface sediments from 0 to 6 inches deep.  Hydrological flow paths shown in 
Figure 3-2 indicate that, at least currently, the topography of the upland sand separation area 
could generate runoff in the northerly direction in that area, resulting in transfer of waste-
related particulates to the surface sediments in the area of SJNE041.  Table 5-23 and 
Figure 5-30 also show that a small fraction (about 5 percent) of the dioxin and furan mixture 
to the west of this station, at Station SJNE040, is likely northern impoundment waste 
material.  Given that all surface runoff paths from the upland sand separation area flow 
either north towards SJNE042 or inward towards the embayment on that property 
(Figure 3-2), it is not surprising that TEQDF,M concentrations along the shoreline west of these 
areas, at the western extent of the terrestrial area, are not elevated, and do not show 
influence from EM2. 
 
On a larger scale, the sediment dataset suggests that there was likely some movement of 
sediment from the northern impoundments that resulted in some amount of transport and 
subsequent redistribution within the area of USEPA’s Preliminary Site Perimeter adjacent to 
the 1966 perimeter of the impoundments north of I-10 and contributed to the presence of 
dioxin and furan congeners in that area at concentrations above the background REV.  The 
spatial patterns within this region are complex, due to the spatial distribution of fines and 
organic matter within the sediments, complex tidal circulation patterns, and episodic 
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sediment transport events.  The models developed as part of the Chemical Fate and Transport 
Modeling Study (Anchor 2012b) help to quantify these processes. 
 
These observations do not result in any modification to the CSM diagram, but refine an 
understanding of the spatial extent of COCs in sediment and soil attributable to the northern 
impoundments under baseline conditions. 
 

5.7.4.2 Groundwater 

A pathway resulting in the transfer of dioxins and furans from the waste in the northern 
impoundments into the groundwater was not presented in the original Site CSM, because it 
was recognized that there were no exposure pathways from groundwater to any potential 
receptors.  Nevertheless, a groundwater study was conducted under the RI with three well 
pairs surrounding the western cell of the northern impoundments, and one well screened 
within the wastes.  Groundwater sampling data from these wells demonstrate that neither 
shallow alluvial nor deep groundwater resources have measureable concentrations of dioxins 
and furans, or other COPCs.  Hydraulic conductivity test data indicate that the wastes have 
low permeability.  Results of the groundwater study confirm that there is no exposure 
pathway potentially leading to exposures to waste-related dioxins and furans from the area of 
the northern impoundments to shallow alluvial groundwater or deep groundwater.  
 
However, several dioxin and furan congeners, including 2,3,7,8-TCDD and 2,3,7,8-TCDF 
were detected in the sample of perched water collected from within the waste.  Because the 
perched water sample was unfiltered, it is unknown what fraction of the detected congeners 
was dissolved, and what fraction was associated with suspended particulates in the water 
sample.  Given the low solubility of dioxins and furans and their high affinity for organic 
carbon, it is likely that the detected congeners were associated with the particulate fraction.  
The presence of chemicals in this perched water does not indicate a transport pathway for 
COPCs from the waste to sediment porewater or surface water because of the low hydraulic 
conductivity of the wastes and low solubility of dioxins and furans, but the possible existence 
of this potential transport pathway under baseline conditions cannot be ruled out.  
Therefore, the CSM for the area north of I-10 and the aquatic environment indicates the 
potential for release of COPCs via transport/dispersal of mill wastes from the impoundments 
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to porewater.  Whether or not this occurred under baseline conditions is unknown, and 
additional field data cannot be collected due to implementation of the TCRA, as the wastes in 
the northern impoundments are no longer exposed to the surface water environment.  The 
estimated surface water concentrations 6 inches above the TCRA armored cap were less than 
0.01 pg/L in the TCRA armored cap porewater study (Section 5.3).  These results indicate 
that any effect from this transport path cannot be measured in the river surface water.  
Therefore, results of the TCRA armored cap porewater assessment indicate that releases of 
dioxins and furans from the wastes into surface water are not occurring now, and that 
surface water concentrations of dioxins and furans are not currently (post-TCRA) affected by 
the wastes in the impoundments north of I-10.   
 

5.7.4.3 Surface Water 

Surface water data collected from a station underneath the I-10 bridge in 2002 to 2004 as 
part of the TMDL study, and from a station within the original 1966 perimeter of the 
impoundments north of I-10 in 2009 by the TCEQ, indicated that concentrations of dioxin 
and furan congeners in surface water at these specific locations within USEPA’s Preliminary 
Site Perimeter (at River Mile 2.5) were higher than those collected at stations upstream of 
that area (Section 5.6.4).  These data suggest that dioxin and furan fluxes to the water column 
from sediments may have been occurring at these locations at the time of sampling.  Results 
of the chemical fate and transport modeling suggest that these processes would have been 
spatially variable due to variations in sediment concentrations and circulation patterns.  As 
discussed above, any fluxes from sediments within the footprint of the northern 
impoundments are expected to have been eliminated under current conditions due to the 
installation of the TCRA armored cap, and reductions in the dioxin and furan concentrations 
in surface sediment that have occurred since 2005 (based on statistical comparisons between 
the 2005 TMDL and 2010 RI sediment datasets; see Section 5.6.4).  The models developed as 
part of the Chemical Fate and Transport Modeling Study (Anchor 2012b) can be used to 
quantify these chemical fluxes, including the reductions associated with the TCRA. 
 

5.8 Protective Concentration Levels 

PCLs express the concentration of each COC in soil, tissue, or sediment that corresponds to a 
risk level considered by USEPA to be acceptable using site-specific exposure scenarios.  As 
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such, PCLs provide a means to evaluate risk management efforts to reduce or eliminate 
pathways of exposure to COCs that result in estimated risks that are higher than levels 
considered acceptable by EPA.  In this section, PCLs are presented for those COCs associated 
with risks to potential human receptors in the area north of I-10 and aquatic environment 
that, using USEPA’s risk assessment protocols are estimated to be higher than the following 
cancer and noncancer thresholds established in the approved EAM and discussed in the 
BHHRA:  

• A target dioxin cancer HQ of 1, based on the TDI approach 
• A target hazard index of 1 for the noncancer endpoint 
• A cancer risk of 1x10-4 for COCs evaluated using the CSF approach.  
 
PCLs were calculated for all constituents and media that exceeded these thresholds and for 
all COCs that were identified as risk drivers (e.g., contributing more than 5 percent of total 
risk or hazard when the cumulative risks or hazards exceeded these thresholds).  PCLs for 
soil calculated on the basis of hypothetical exposure scenarios evaluated for Soil Investigation 
Area 4 are presented in Section 6. 
 
Results of the BHHRA indicated that RME risks exceeded either a cancer hazard of 1 or a 
noncancer hazard of 1 for each of the hypothetical receptor groups (e.g., Recreational Fisher, 
Subsistence Fisher and Recreational Visitor) in at least one of the exposure units evaluated.  
The COCs for which at least one of these cancer or noncancer risk thresholds was exceeded 
include TEQDF,M, PCBs, arsenic, and mercury.  In addition, although none of the estimated 
lifetime cancer risks for any receptors exceeded the upper bound of acceptable cancer risk of 
1x10-4 outlined in the EAM and BHHRA, cancer risks due to exposure to PCBs and arsenic 
were greater than 1x10-6 in at least one exposure scenario.  Therefore, and in response to the 
request in USEPA comments on the draft RI Report (Miller 2013a, pers. comm.), related 
cancer-risk-based PCLs have been calculated for PCBs and arsenic. 
 
PCLs were developed for the following COCs and specific hypothetical exposure scenarios: 

• Sediment 
− Hypothetical exposure to TEQDF,M in sediment results in both cancer and 

noncancer hazards that are higher than the thresholds considered acceptable by 
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USEPA for the hypothetical RME recreational fisher scenario, the hypothetical 
RME subsistence fisher scenario, and the hypothetical RME recreational visitor 
scenario. 

− Hypothetical exposure to PCBs and arsenic in sediment results in an estimated 
cancer risk that is greater than 1x10-6 for the hypothetical RME recreational fisher 
scenario, the hypothetical RME subsistence fisher scenario, and the hypothetical 
RME recreational visitor scenario. 

• Tissue 
− Hypothetical exposure to TEQDF,M in tissue results in cancer and noncancer 

hazards that are higher than the thresholds considered acceptable by USEPA for 
the hypothetical RME recreational and hypothetical subsistence fisher scenarios 
involving ingestion of catfish, and the hypothetical subsistence fisher scenarios 
involving ingestion of clams. 

− Hypothetical exposure to PCBs and arsenic in tissue results in estimated cancer 
risks that exceed 1x10-6 for the hypothetical RME recreational fisher scenario and 
hypothetical subsistence fisher scenarios involving ingestion of catfish and 
ingestion of shellfish. 

− Hypothetical exposure to mercury and total PCBs in tissue results in noncancer 
hazards greater than 1 for the hypothetical RME recreational fisher scenario and 
hypothetical subsistence fisher scenario involving ingestion of catfish, and the 
hypothetical RME subsistence fisher scenario involving ingestion of clams. 

• Soil 
− Hypothetical exposures to COCs in soil did not exceed risk or hazard thresholds 

for the hypothetical RME recreational visitor scenario.  However, combined 
hypothetical exposures to soil and sediment did exceed the 1x10-6 risk benchmark 
for that scenario, due to TEQDF,M, PCBs, and arsenic.  Soil exposures contributed 
more than 5 percent of that total risk.  Thus, PCLs were also calculated for 
TEQDF,M, PCBs, and arsenic in soils for the hypothetical recreational visitor 
scenario. 

 
All PCLs were calculated for fish tissue, shellfish tissue, sediment, and soil using both RME 
and CTE exposure assumptions.   
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Integral used the method described by USEPA (1991) guidance to derive PCLs.  USEPA 
(1991) guidance provides a method for calculation of PCLs to address all assumed pathways 
of direct exposure to a single environmental medium (such as sediment, soil, or tissue).  The 
guidance does not require that combined exposures to more than one environmental medium 
be considered.  Consideration of combined exposures in deriving PCLs creates significant 
computational complexity and may require a priori decisions about relative risk reductions in 
different media.  Decisions about risk reduction must be conducted independently for each 
medium in order to evaluate all of the required decision factors in the FS. 
 
A summary of PCL results for sediment is provided in Tables 5-29 and 5-30.  A summary of 
PCLs for soil is provided in Tables 5-31 and 5-32 while a summary of PCL results for tissue is 
provided in Tables 5-33 and 5-34.  The exposure assumptions used in evaluating risk for the 
hypothetical scenarios described above and summarized in the tables provided the basis for 
PCL calculations, but were simplified to isolate the subject media.  Methods for PCL 
calculations are detailed below.  Specific assumptions for each calculation are tabulated in 
Appendix H.  
 

5.8.1 Sediment PCLs for Human Health 

Hypothetical sediment exposure routes addressed by the BHHRA include ingestion of 
sediment and dermal contact with sediment.  Human health-based PCLs for sediment were 
developed for the hypothetical recreational fisher scenario, hypothetical subsistence fisher 
scenario, and hypothetical recreational visitor scenario.  Dioxins and furans expressed as 
TEQDF,M are the primary COCs for all three scenarios, resulting in estimated cancer and 
noncancer hazards higher than 1 for the RME analyses. Estimated risks from exposure to 
total PCBs in sediment are associated with a noncancer hazard higher than 1 for the 
hypothetical subsistence fisher scenario, and an estimated cancer risk level higher than 1x106 
for both the recreational fisher and recreational visitor scenarios.  Finally, arsenic in 
sediment results in estimated cancer risk levels that exceed 1x10-6.  Results of risk modeling 
for this RI do not necessarily indicate that adverse effects on human health would have 
occurred under baseline conditions, or that they did or could have occurred. 
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PCLs for the estimated noncancer hazards and cancer hazards for COCs addressed in this 
section are based on potential hypothetical RME exposures for young children, the age group 
with the highest potential cancer hazard or noncancer hazard in all scenarios evaluated.  The 
exposure assumptions and equations used for developing PCLs for sediment are the same 
assumptions used for the deterministic risk assessment in the BHHRA.  Assumed direct 
contact, including assumed incidental ingestion and dermal contact, was evaluated for all 
three scenarios.  The results of risk modeling for direct contact pathways for this RI cannot 
be interpreted to indicate that adverse effects on human health would have or could have 
occurred under baseline conditions. 
 
PCLs for the COCs identified as contributing estimated cancer risks that exceed a 1x10–6 risk 
level have been calculated based on potential hypothetical, combined RME exposures to 
young children, older children, and adults.  The exposure assumptions and equations used for 
developing PCLs for sediment are the same as the assumptions and equations used for the 
deterministic risk assessment in the BHHRA for cancer risk and include incidental ingestion 
and dermal contact for all three age groups and all three scenarios. 
 
In addition, PCLs based on the CTE were developed for the hypothetical recreational fisher 
and hypothetical recreational visitor scenarios.  As in the BHHRA, the CTE analyses for 
these scenarios assumed that only adults would be present under typical conditions.  Thus, 
the CTE PCLs are based on hypothetical adult exposures only.  No CTE analysis was 
completed in the BHHRA for the hypothetical subsistence fisher scenario because that 
scenario is, by definition, an upper-bound estimate. 
 
PCLs can be calculated a number of ways (USEPA 1991).  The simplest approach is to use the 
equations used for the risk assessment to estimate sediment intake under the hypothetical 
conditions associated with a particular scenario to derive a total estimate of exposure for all 
pathways combined.  When the EPC is combined with the total estimate of exposure and 
compared with the appropriate chemical-specific toxicity criterion, an HI for either the 
cancer hazard or noncancer hazard for the hypothetical exposure scenario can be calculated 
as follows: 

 HI = 𝐶𝑠𝑒𝑑 ∗ �𝐼𝑓𝑎𝑐𝑡𝑜𝑟_𝑠𝑒𝑑 + 𝐷𝐴𝐷𝑓𝑎𝑐𝑡𝑜𝑟_𝑠𝑒𝑑� ∗
1

𝑅𝑓𝐷 𝑜𝑟 𝑇𝐷𝐼
 (Eq. 5-2) 



 
 
 Area North of I-10 and Aquatic Environment 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 5-119 090557-01 

where: 
Csed = Exposure point concentration in sediment (mg/kg) 
Ifactor_ sed = Daily intake factor due to incidental ingestion of sediment (day-1) 
DADfactor_sed= Daily intake factor for dermal absorption due to dermal contact (day-1) 
RfD = Chemical-specific noncancer reference dose (mg/kg-day) 
TDI = Cancer-based tolerable daily intake for TEQDF,M (mg/kg-day) 
HI = Noncancer or cancer hazard index for the combined pathways 

 
Ifactor_sed and DADfactor_sed are calculated using the following equations: 

 ATBW
CFEDEFFIRBAIRI sedsedsedsed

sedfactor *
***** 1

_ =
 (Eq. 5-3)

 

and 

 ATBW
EVEDFIEFSACFABSAFDAD sedseddsed

sedfactor *
******* 1

_ =
 (Eq. 5-4)

 

where: 
IRsed = sediment ingestion rate (mg/day) 
RBAsed = relative bioavailability adjustment for sediment (percent as fraction) 
FIsed = fraction of total daily sediment intake that is Site-related (percent as 

fraction) 
EFsed = exposure frequency (days/year) 
ED = exposure duration (years) 
CF1 = conversion factor (1x10–6 kg/mg) 
BW = body weight (kg) 
AT = averaging time (days) 
AFsed = adherence factor for sediment (mg/cm2) 
ABSd = dermal absorption factor for sediment (percent as fraction) 
SA = skin surface area available for contact (cm2) 
EV = event frequency (day–1) 
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The PCL is simply the EPC (Csed) that results in the target HI of 1 for exposures via sediment 
only.  Thus, Equation 5-2 can be used but rearranged to solve for the PCL as follows: 

 𝑃𝐶𝐿 = 𝑇𝐻𝐼 ∗ (𝑅𝑓𝐷 𝑜𝑟 𝑇𝐷𝐼)/(𝐼𝑓𝑎𝑐𝑡𝑜𝑟_𝑠𝑒𝑑 + 𝐷𝐴𝐷𝑓𝑎𝑐𝑡𝑜𝑟_𝑠𝑒𝑑) (Eq. 5-5) 

where: 
THI = Target noncancer or cancer hazard index of 1 

 
A similar approach can be used for the cancer risk calculation.  In this case, the risk equation 
is rearranged to include the CSF for the COC as follows:  
 

 𝑃𝐶𝐿 = 𝑇𝑎𝑟𝑔𝑒𝑡 𝑅𝑖𝑠𝑘/(𝐶𝑆𝐹 ∗ �𝐼𝑓𝑎𝑐𝑡𝑜𝑟𝑠𝑒𝑑 + 𝐷𝐴𝐷𝑓𝑎𝑐𝑡𝑜𝑟𝑠𝑒𝑑�)  (Eq. 5-6) 

 where: 

Target Risk = Target risk level within USEPA’s target risk range (1x10–6, 1x10–5 or 
1x10–4) 

CSF  = Chemical specific cancer slope factor (mg/kg-day)–1 

 
The specific exposure assumptions and chemical-specific parameters used to calculate the 
sediment PCLs for the three scenarios of interest are provided in Appendix H.   
 
Results of this analysis for total PCBs, TEQDF,M, and arsenic are summarized in Tables 5-29 
and 5-30.  Noncancer PCLs were calculated for all identified COCs for all three hypothetical 
exposure scenarios.  Cancer-hazard-based PCLs for TEQDF,M and cancer-risk-based PCLs for 
total PCBs and arsenic were calculated for all three hypothetical exposure scenarios. 
 

5.8.2 Soil PCLs for Human Health 

For the BHHRA, the hypothetical recreational and subsistence fisher scenarios are assumed 
to involve direct contact only with sediments in the beach areas, but the hypothetical 
recreational visitor scenario assumes contact with a combination of soils throughout the area 
north of I-10 and sediments in specific beach areas on each day of exposure.  Only one of the 
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hypothetical recreational visitor scenarios evaluated, Hypothetical Recreational Visitor 
Scenario 3, results in risk estimates that are higher than the upper-bound 1x10–4 risk 
threshold discussed in the BHHRA.  This scenario evaluated exposure through direct contact 
with soils throughout the area north of I-10 and the sediments in Beach Area E (i.e., the 
impoundments north of I-10).  Although the risk and hazard thresholds are exceeded in this 
scenario, direct contact with soil from areas north of I-10 contributes less than 0.1 percent of 
the total estimated cancer and noncancer hazard for this potential receptor and total 
noncancer and cancer hazards due to assumed direct contact with soil are all well below the 
HI of 1 and cancer risk of 1x10-6 thresholds.   
 
Nevertheless, because exposures to recreational visitors include exposure to a combination of 
soil and sediment, PCLs for direct contact with TEQDF,M, PCBs, and arsenic in soils were 
derived for this scenario based on the related exposure parameters used in the deterministic 
risk assessment.  Results of this analysis are presented in Tables 5-31 and 5-32.  The RME and 
CTE exposure parameters used to derive them are presented in Appendix H. 
 

5.8.3 Tissue PCLs for Human Health 

Tissue PCLs differ from PCLs for soil and sediment because direct remediation of fish and 
shellfish is not possible as it is for abiotic media, so tissue PCLs cannot generally be regarded 
as a goal of direct remediation.  Human health-based PCLs for catfish fillet and clam tissues 
were developed for the hypothetical recreational fisher RME and hypothetical subsistence 
fisher scenarios.  TEQDF,M was a risk driver for both noncancer and cancer hazard.  Total 
PCBs and arsenic were the risk drivers for cancer risk, and TEQDF,M, total PCBs, arsenic, and 
mercury were risk drivers when noncancer hazards were considered.  Results of risk 
modeling for this RI do not necessarily indicate that adverse effects on human health would 
have occurred under baseline conditions or that they did or could have occurred. 
 
As for the sediment PCLs, the tissue RME PCLs for the cancer hazard and noncancer hazard 
are based on assumed potential fish or shellfish consumption by a young child, as this 
category represents the age group with the highest potential cancer and noncancer hazards 
based on the hypothetical assumed exposure conditions for the applicable scenario.  For the 
cancer-risk-based PCL calculation, potential fish or shellfish consumption by young 
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children, older children, and adults, combined, were considered.  PCLs based on CTE 
exposures consider potential exposures to adults only.   
 
To calculate the PCLs for tissue based on cancer hazard or noncancer hazard, an approach 
similar to the one outlined for sediment PCLs was used.  The estimated daily intake via fish 
or shellfish tissue consumption was calculated without the EPC using the following equation: 

 ATBW
CFEDEFLOSSFIRBAIRI tissuetissuetissuetissue

tissuefactor ×
×××−×××

= 2
_

)1(
 

(Eq. 5-7) 

where: 
Ifactor_tissue = the estimated exposure from ingestion of fish or shellfish tissue by the 

receptor per unit body weight per unit time (1/day)  
IRtissue = fish or shellfish ingestion rate (g/day) 
RBAtissue = relative bioavailability adjustment for tissue (percent as fraction) 
FItissue = fraction of total fish or shellfish intake that is site-related (percent as 

fraction) 
LOSS = chemical reduction due to preparation and cooking (percent as 

fraction) 
EFtissue = exposure frequency for fish or shellfish consumption (days/year) 
ED = exposure duration (years) 
CF2 = conversion factor (1x10–3 kg/g) 
BW = body weight (kg) 
AT = averaging time (days) 

 
Then the PCL was calculated using the following equation: 

 𝑃𝐶𝐿𝑡𝑖𝑠𝑠𝑢𝑒 = 𝑇𝐻𝐼 ∗ (𝑅𝑓𝐷 𝑜𝑟 𝑇𝐷𝐼)/𝐼𝑓𝑎𝑐𝑡𝑜𝑟_𝑡𝑖𝑠𝑠𝑢𝑒 (Eq. 5-8) 

When calculating PCLs for PCBs and arsenic based on potential cancer risk, a similar 
approach was used but the risk calculation was rearranged to solve for the PCL using the 
CSF, as follows: 
 



 
 
 Area North of I-10 and Aquatic Environment 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 5-123 090557-01 

 𝑃𝐶𝐿𝑡𝑖𝑠𝑠𝑢𝑒 = 𝑇𝑎𝑟𝑔𝑒𝑡 𝑅𝑖𝑠𝑘/(𝐶𝑆𝐹 ∗ 𝐼𝑓𝑎𝑐𝑡𝑜𝑟_𝑡𝑖𝑠𝑠𝑢𝑒 ) (Eq. 5-9) 

A summary of tissue TEQDF,M PCLs for tissue is provided in Table 5-33 and those for total 
PCBs, arsenic, and mercury are provided in Table 5-34.  Detailed exposure assumptions and 
equations used for developing PCLs for fish and shellfish tissues are the same assumptions 
used for the deterministic risk assessment.  These are presented in Appendix H.   
 

5.8.4 Comparison of PCLs to Baseline, Post-TCRA, and Background 
Concentrations for Human Exposure 

The PCLs as calculated above were compared to concentrations of COCs that represent 
baseline conditions, post-TCRA conditions, or background exposure concentrations for 
perspective on the status of the post-TCRA conditions relative to baseline, and relative to 
background.  Table 5-35 compares PCLs developed for TEQDF,M in sediments to the post-
TCRA EPC used for the human health risk assessment and sediment surface area-weighted 
average concentrations (SWACs) for FCAs 1 and 2/3.  The post-TCRA EPC of 0.456 ng/kg 
falls well below the noncancer PCLs calculated for the hypothetical recreational fisher 
(300 ng/kg), hypothetical subsistence fisher (110 ng/kg), and hypothetical recreational visitor 
(220 ng/kg).  In addition the SWACs for FCA 1 and FCA 2/3 fall below the calculated PCLs 
for all receptor groups.  This indicates that under post-TCRA conditions, concentrations of 
TEQDF,M in sediment would not be considered by USEPA to be a human health risk concern. 
 
Table 5-36 compares PCLs developed for TEQDF,M, arsenic, mercury, and PCBs in catfish fillet 
and clams to EPCs for these media under baseline and background conditions.  Because 
empirical data to describe tissue under post-TCRA conditions are not available, post-TCRA 
tissue concentrations are not included in this comparison.  With the exception of TEQDF,M, 
the EPCs for all COCs in catfish were below the PCLs calculated for recreational fishers.  The 
RME EPCs for TEQDF,M in catfish fillet at FCA 1 and FCA 2/3 were 3.92 ng/kg ww and 
4.06 ng/kg ww, respectively.  These EPCs were only slightly elevated above the hypothetical 
recreational fisher noncancer PCL of 3.8 ng/kg ww for TEQDF,M.  For clam tissue, only the 
EPC for TEQDF,M in FCA 2 exceeded the noncancer PCL calculated for the hypothetical 
subsistence fisher.  The EPC for TEQDF,M in clams is 19 ng/kg ww, and is approximately three-
fold higher than the PCL calculated for hypothetical subsistence fishers of 6.7 ng/kg ww. 
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EPCs for arsenic, PCBs, and mercury in catfish fillet  at FCA 1 and FCA 2/3 are  below their 
respective PCLs calculated for the hypothetical recreational fisher (Table 5-36), while the 
TEQDF,M EPC in catfish fillet is slightly greater than the noncancer-based PCL but below the 
cancer-based PCL for this receptor.  EPCs for arsenic, PCBs, mercury, and TEQDF,M are higher 
than their respective PCLs for hypothetical subsistence fishers.  Background EPCs for all of 
the COCs in hardhead catfish were also elevated compared to the hypothetical subsistence 
fisher PCLs.   
 

5.9 Summary and Conclusions 

Below is a summary of the important findings and conclusions of the information presented 
in Section 5, which addresses baseline conditions for the northern impoundments, soils 
north of I-10, and the aquatic environment.  The summary below highlights important 
conclusions that bear on risk management decisions, and the tools that will be available to 
support the evaluation of remedial alternatives in the FS.  Consistent with the rest of 
Section 5, the discussion is focused on the COCs identified by the baseline human and 
ecological risk assessments for the area north of I-10 and aquatic environment.  COCs for this 
area include dioxins and furans, PCBs, and mercury.  Summary statistics for other COPCs are 
included for completeness and are presented in Appendix C; COCs for the peninsula south of 
I-10 are discussed in Section 6. 
 

5.9.1 Nature and Extent of COCs 

Site-specific chemistry data for soil, sediment, groundwater, and six tissue types were 
generated for this investigation.  Results were used to describe and evaluate spatial patterns 
in the vertical and lateral distribution of COCs.  Chemistry data for these media also provide 
descriptive information necessary for identification and delineation of COC sources.  
Corresponding information was generated to describe background chemical conditions and 
used in comparisons with data from locations within USEPA’s Preliminary Site Perimeter.  A 
summary of the observations resulting from the nature and extent evaluation, in the context 
of the site history, COC sources, and background conditions, is presented below.  
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5.9.1.1 Dioxins and Furans in Sediment and Soils 

Paper mill wastes containing dioxins and furans were deposited in the impoundments north 
of I-10 in the mid-1960s.  Major physical changes resulted in the exposure of the wastes 
deposited within the northern impoundments to the aquatic environment.  The mixture of 
dioxins and furans associated with these paper mill wastes (that is, the dioxin and furan 
fingerprint of the wastes) is characterized by large fractions of 2,3,7,8-TCDD and 2,3,7,8-
TCDF.  This fingerprint is readily distinguished from the dioxin and furan fingerprint of the 
many urban background dioxin and furan sources that likely affect the quality of sediments 
within USEPA’s Preliminary Site Perimeter, including sources that occur within USEPA’s 
Preliminary Site Perimeter.  The distinction between the fingerprint of the paper mill wastes 
and the fingerprint of background sources of dioxins and furans allows quantitative 
determination of the potential impact of the northern impoundments on the overall dioxin 
and furan concentrations in sediment and potentially affected soil samples that were 
collected for the RI.   
 
Concentrations of dioxins and furans in sediments within the original 1966 perimeter of the 
impoundments north of I-10 are markedly higher than in sediments outside of the 
impoundment perimeter.  Elevated TEQDF,M concentrations were observed at depth in some, 
but not all, of the sediment cores collected from within the impoundment perimeter.  
Outside of the impoundment perimeter, concentrations are notably lower, in both surface 
and subsurface samples.  Outside of the impoundment perimeter, the maximum 
concentration in sediments at depth occurs in a core to the north of the northern 
impoundments; two deep subsurface intervals (4 to 5 feet and 7 to 8 feet below mudline) at 
that location have TEQDF,M levels of 349 and 339 ng/kg, respectively.  Elsewhere, TEQDF,M 
concentrations in sediments at depth are less than 100 ng/kg, with the exception of one 
sample collected at 15 to 17 feet southwest of the peninsula south of I-10.  In two other core 
samples south of I-10 and associated surface samples, TEQDF,M concentrations are mostly 
below the REV of 7.2 ng/kg, but in a few samples range from 49.3 ng/kg to 79.6 ng/kg. 
 
In surface sediments, TEQDF,M concentrations tend to decline rapidly with distance from the 
impoundments north of I-10, and none of the sediments outside of the impoundments have 
TEQDF,M concentrations even close to the maximum of 31,600 ng/kg in materials from within 
the northern impoundments.  Near the upland sand separation area, TEQDF,M concentrations 
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in one surface sediment grab and the surface interval in a core sample co-located with the 
grab also have concentrations of 153 ng/kg, and 198 ng/kg, respectively.  Surface and 
subsurface sediment concentrations outside of the 1966 impoundment perimeter indicate a 
steep decline in dioxin levels in sediments adjacent to the impoundments north of I-10.  In 
combination with the information used to quantify the extent to which the dioxins and 
furans from the impoundments north of I-10 are a source of dioxins and furans to sediment, 
the spatial pattern in concentrations indicates that the impact from the impoundments north 
of I-10 is spatially limited.  Similarly, impacts to soils in the area north of I-10 by dioxins and 
furans are not clearly attributable to the material from the impoundments north of I-10, with 
evidence of significant inputs from the impoundments (in terms of TEQ concentration) 
limited to a subsurface sample on the northeastern part of the upland sand separation area. 
 

5.9.1.2 PCBs and Mercury in Sediment and Soils 

Concentrations of dioxin-like PCBs as TEQP,M and mercury in samples collected from within 
the northern impoundments are somewhat (by a factor of about 10) higher than in nearby 
sediments, although the difference between samples from within the impoundments and 
outside of the impoundments is not nearly as great as that observed for TEQDF,M 
concentrations.  However, both PCBs and mercury are common in urban environments, and 
tissue data for aquatic and benthic species with limited spatial movements (discussed below) 
indicate that there are likely both diffuse and other specific point sources of PCBs and 
mercury that are not associated with paper mill wastes. 
 
There is some uncertainty associated with the PCB data for sediments and soils.  Some 
analyses of PCBs as Aroclors in sediment samples from within the impoundments north of 
I-10 had elevated detection limits, but there is reason to conclude (based on samples with 
normal detection limits) that actual PCB concentrations are not highly elevated; TEQP,M 
concentrations (a reasonable surrogate with which to evaluate relative Aroclor 
concentrations) in samples of paper mill waste are still much lower than TEQDF,M in the same 
samples, meaning that any PCBs in the northern impoundments contribute very little 
dioxin-like toxicity to sediments.  In soils, the parameters analyzed are variable throughout 
the area north of I-10, but TEQP,M concentrations or Aroclors in soil were low or not 
detected, and there is no indication that they are associated with paper mill wastes in the 
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terrestrial environment north of I-10.  Also, the role of dioxin-like PCBs in TEQDFP,M 
concentrations in tissue and other media is very small relative to that of dioxins and furans.  
Finally, in the COPC Tech Memo (Integral 2011a), significant correlations were 
demonstrated between concentrations of nine dioxin-like PCB congeners in sediment with 
2,3,7,8-TCDD and 2,3,7,8-TCDF concentrations, indicating that any risk management action 
to address dioxins will also address PCBs in sediment.  
 
Like PCBs, mercury concentrations in sediment indicate that the wastes contribute to 
mercury in the environment north of I-10 to some extent, but other sources are likely more 
important.  For mercury, there are documented point sources to the aquatic environment 
other than the wastes (in the form of permitted outfalls on the eastern shoreline of the river 
and on Southwest Shipyards property, and permitted releases to air by industries upstream).  
Mercury concentrations in four soil samples on the upland sand separation area are higher 
than those in any sample from within the northern impoundments.  There is not a 
corresponding difference in concentrations of dioxins and furans (the indicator chemical 
group) in the same soils, suggesting that the elevated mercury in soils on the upland sand 
separation area is not a result of influence of wastes from the impoundments north of I-10.  
The actual source of these elevated mercury concentrations is unknown. 
 

5.9.1.3 Dioxins and Furans, PCBs, and Mercury in Tissue 

The utility of tissue in describing distribution and extent of COCs identified for the area 
north of I-10 and the aquatic environment is limited, especially for mobile species such as 
the crab and catfish, because these species move around the San Jacinto estuary, Galveston 
Bay, and HSC to an extent that has not been described and is not known.  These species can 
take up and retain dioxins and furans, PCBs, and mercury from locations other than the 
habitats within USEPA’s Preliminary Site Perimeter, and the extent to which they do this is 
uncertain.  For dioxins and furans, which can be metabolized and excreted by both fish and 
invertebrates at rates that vary by congener and by species, the process of bioaccumulation is 
complicated and therefore tissue chemistry is even less useful in understanding the spatial 
extent of COC concentrations in these mobile species.  However, it is known that there are 
significant sources of both PCBs and dioxins and furans in areas outside USEPA’s Preliminary 
Site Perimeter (University of Houston and Parsons 2006, Howell et al. 2011a).  Moreover, 
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sediment-associated PCBs in the area north of I-10 and outside of the northern 
impoundments do not differ from those in areas 8 to 15 miles downstream in either 
concentration or mixture, suggesting that sediments from stations located outside of the 
perimeter of the impoundments north of I-10 but within USEPA’s Preliminary Site 
Perimeter are much like those found elsewhere in the region.  It is likely that COCs in tissue 
of highly mobile organisms captured in areas within USEPA’s Preliminary Site Perimeter 
could be the result of sources other than the northern impoundments, but, unlike soils and 
sediments, the effect of other sources on concentrations of COCs in tissue cannot be 
quantified.   
 
In contrast, two of the species collected for this investigation, the common Rangia (clam) and 
the Gulf killifish, have relatively little potential for movement.  In both species, there is a 
link between the concentrations of TEQDF,M in their tissues and their proximity to the 
impoundments north of I-10 under baseline conditions.  The maximum TEQDF,M and highest 
median value for both species occur in specimens from Transect 3, collected directly adjacent 
to the wastes in the impoundments north of I-10 prior to implementation of the TCRA.  
Concentrations are not highly elevated in most other locations (the exception being 
Transect 5, adjacent to the upland sand separation area).  Further, there is little variability in 
TEQDF,M in these species in the other transect locations within USEPA’s Preliminary Site 
Perimeter.  In contrast, PCB concentrations in clam and killifish tissue suggest diffuse PCB 
sources within USEPA’s Preliminary Site Perimeter and upstream, with relatively elevated 
PCB concentrations in both fish and clams at Transect 4, adjacent to a stormwater outfall.  
Stormwater is a recognized source of PCBs in urban areas, including the HSC and Galveston 
Bay region.  Similarly, spatial patterns in mercury concentrations in clam and killifish 
suggest that the impoundments are only one possible source of mercury in tissues of aquatic 
species within USEPA’s Preliminary Site Perimeter.  There are known sources of mercury 
and other metals, in the form of permitted wastewater outfalls, and known sources to the 
atmosphere in nearby upstream areas.  There is also an area with relatively elevated soil 
mercury on the upland sand separation area, which may be a source to the aquatic 
environment via erosion and runoff.   
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5.9.2 Results of Unmixing and Source Evaluation 

The RI identified and evaluated sources of all four COCs.  In addition to the paper mill 
wastes themselves, these sources include upland soils, stormwater runoff, wastewater 
effluents on and directly upstream from USEPA’s Preliminary Site Perimeter, and 
atmospheric inputs.  Patterns of COCs in tissue of species with limited home ranges (Rangia 
clam and Gulf killifish) suggest that the paper mill wastes under baseline conditions are a 
source of dioxins and furans to tissues of these limited-mobility species when they are 
sampled directly adjacent to the northern impoundments.  However, the unmixing analysis 
identifies and specifically describes the contribution of background sources of dioxins and 
furans to sediment and soils north of I-10.   
 
Metals including mercury have been released to the soil and aquatic environment within 
USEPA’s Preliminary Site Perimeter from sources other than paper mill wastes.  NPDES 
records documenting releases of metals in the area help explain concentrations of COCs in 
sediment within USEPA’s Preliminary Site Perimeter.  More importantly, other marine 
activities on the upland sand separation area may have contributed to elevated mercury and 
other metals in soils there, specifically the stripping and painting of marine vessels and the 
dredging and stockpiling of dredged materials from the vicinity of the Southwest Shipyards’ 
historical operations.  The concentrations of mercury and other metals are higher in several 
soil samples from the upland sand separation area than they are in the paper mill wastes. 
 

5.9.3 Chemical Fate, Transport, and Bioaccumulation 

Chemical fate and transport in the physical environment and chemical fate in biota were 
evaluated in this RI. 
 

5.9.3.1 Chemical Fate and Transport Modeling 

The mathematical modeling framework that was applied in the chemical fate and transport 
study consisted of hydrodynamic, sediment transport, and chemical fate and transport 
models that are linked together (Figure 5-44).  The main calibration target for the sediment 
transport model was the long-term NSR estimated from radioisotope cores collected at 
10 locations within the Study Area (i.e., the San Jacinto River from Lake Houston Dam to the 
confluence with the HSC).  The general pattern of net sedimentation predicted by the model 
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is qualitatively consistent with known characteristics of the Study Area.  The model predicts 
NSRs with reasonable accuracy.  At small spatial scales (e.g., single grid cell), the uncertainty 
in model reliability is higher; however, as the spatial scale increases, the uncertainty in 
model predictive capability decreases.   
 
The chemical fate and transport model was developed for three dioxin and furan congeners 
(2,3,7,8-TCDD, 2,3,7,8-TCDF, and OCDD) and simulates the key processes affecting 
hydrophobic organic chemicals (discussed in Section 5.6.4).  The model provides a good 
representation of spatial gradients in water column concentrations across the Study Area, 
including observed increases in 2,3,7,8-TCDD and 2,3,7,8-TCDF concentrations between 
River Miles 5 and 2, as well as the general lack of a spatial gradient in OCDD concentrations.  
The model also captured smaller-scale features such as the locally increased concentrations 
observed in the vicinity of the northern impoundments.  Finally, the model simulated the 
observed differences between particulate- and dissolved-phase concentrations within the 
Study Area.  Predictions by the fate model suggesting reductions in concentrations of dioxins 
and furans in surface sediments within the area surrounding USEPA’s Preliminary Site 
Perimeter over the period from 2005 to 2010 were consistent with evaluation of empirical 
data for this same period when uncertainties associated with both the data and model are 
taken into account.   
 
Overall, the modeling framework summarized above provides a useful management tool for 
evaluating potential remedial options.  It integrates the large body of Study Area data into a 
quantitative, objective framework.  The models were calibrated using several datasets 
covering various spatial and temporal scales, and were shown to provide a good 
representation of hydrodynamics, sediment transport, and chemical fate and transport within 
the Study Area. 
 
As part of the FS, the model will be used to evaluate how the system would respond to 
different potential remedial alternatives.  A key baseline evaluation will consist of using the 
model to evaluate the impacts of the TCRA capping project on dioxin and furan transport.  
Future predictions will also be made with the model as part of the FS to evaluate how 
sediment and surface water concentrations will change under natural recovery as well as 
other potential remedial actions. 
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5.9.3.2 Bioaccumulation of Dioxins and Furans 

Several independent lines of evidence were evaluated throughout the RI to describe dioxin 
and furan bioaccumulation: 

• Statistical evaluation of co-located tissue, sediment, and water data 
• Peer-reviewed literature on the metabolism of dioxins and furans in vertebrates; 

experimental studies on uptake and elimination rates of dioxin and furan congeners by 
fish and invertebrates; and observational studies of dioxins and furans in tissues of fish, 
invertebrates, and birds 

• Analysis of site-specific data.   
 
Although there are data gaps and not all aspects of dioxin and furan bioaccumulation are 
necessarily understood and well-described, several conclusions are supported by multiple 
lines of evidence: 

• Dioxin and furan mixtures in tissue concentrations are typically dominated by the 
tetrachlorinated congeners, regardless of the fingerprint in the abiotic source media.  This 
occurs because these are the smallest congeners, and therefore the most readily absorbed.  
They may also be more stable than other congeners in the metabolic systems of both 
vertebrates and invertebrates.  This preferential uptake and higher degree of retention of 
tetrachlorinated congeners in biota tends to amplify the importance of tetrachlorinated 
compounds in tissue as risk drivers for both human and ecological receptors. 

• For the majority of dioxin and furan congeners, there are no statistically significant 
correlations between concentrations in abiotic media and in whole or edible tissues.  This 
lack of correlation is consistent across species, and persists even when multiple variables 
are considered in statistical models.  The only congeners for which significant sediment-
tissue or water-tissue correlations are consistently found are the tetrachlorinated 
congeners (consistent with observations noted above) but even in these cases, 
correlations are weak.  Correlation coefficients for most statistical evaluations of 2,3,7,8-
TCDD and 2,3,7,8-TCDF indicate that, at best, only about 50 percent of the variance in 
tissue concentrations can be explained by the data for the abiotic media.  The exception 
to this is in common Rangia, which has a stronger sediment-tissue correlation than 
observed in other species, although the best correlations are still for the tetrachlorinated 
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congeners.  This relative strength may be explained by the close and continuous 
proximity of this organism to a source (i.e., wastes in the northern impoundments), as 
well as by biological factors that are not yet well-described.  

• Because statistical correlations between sediment and tissue concentrations of dioxin and 
furan congeners are consistently poor and unreliable, risk managers should not expect to 
predict the precise reduction in tissue concentrations due to specific reductions in the 
concentrations of dioxins and furans in sediment.  

 
Therefore, although there is some evidence of an exposure-response relationship for the 
tetrachlorinated dioxin and furan congeners in tissue of aquatic organisms both in the 
literature and as a result of the RI, the relationship is not sufficiently consistent or strong to 
enable precise predictions of risk reduction commensurate with sediment remediation.  Risk 
managers will not be able to use regression models or BSAFs to precisely estimate the risk 
reduction associated with any given remedial alternative.   
 

5.9.4 Risk Assessments 

There is substantial consistency in the general findings of the baseline human health and 
ecological risk assessments: risk scenarios involving humans or ecological receptors which 
assumed extensive direct contact with the wastes from the impoundments north of I-10 
result in risks that are higher than the thresholds considered acceptable by USEPA, and the 
risk driver is the dioxins and furans associated with the waste materials.  For people, this 
included hypothetical fishing and recreational scenarios that assume human use of Beach 
Area E, the area occupied by the impoundments north of I-10, and make assumptions 
regarding the extent and frequency of contact with sediments in Beach Area E under 
baseline conditions, prior to implementation of the TCRA.  The results of risk models, 
however, do not indicate that such contact occurred or that there were exposures of the kind 
that were the basis for associated estimated risks or effects in the risk assessment.  For spotted 
sandpiper and marsh rice rat, close contact with and potential ingestion of these same 
materials results in risks that are higher than the thresholds considered acceptable by 
USEPA.  Although risks that are higher than the thresholds considered acceptable by USEPA 
are associated with both assumed levels of direct contact with materials in the 
impoundments (or their ingestion by ecological receptors) as well as ingestion of fish and 
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clams captured in the vicinity, the direct contact pathways are the most important driver of 
risks calculated as part of the risk assessment process that are higher than the threshold 
considered acceptable by USEPA.  Regarding potential risks associated with assumed levels of 
ingestion of fish and clams, a portion of the calculated risk is also present under background 
conditions, particularly for mercury, but also for dioxins and furans and total PCBs. 
 
Implementation of the TCRA resulted in substantially reduced risks from dioxins and furans.  
For ecological receptors, risks associated with exposure to metals were not as substantially 
reduced by the TCRA as were risks associated with dioxins and furans, likely because of the 
relatively high concentrations of both zinc and mercury in soils of the upland sand 
separation area.  For people, implementation of the TCRA limited any access to the northern 
impoundment area and resolved potential direct contact risks for dioxins and furans, as well 
as for other COCs.  Not all potential dioxin and furan risks to people were fully resolved by 
the TCRA, however.  For those hypothetical scenarios assuming levels of consumption of fish 
and shellfish from within USEPA’s Preliminary Site Perimeter, there remains some 
uncertainty about the actual level of risk reduction achieved by the TCRA, because of the 
absence of empirical data for post-TCRA concentrations of dioxins and furans in fish and 
crab edible tissues.  For the post-TCRA risk evaluation, tissue concentrations were estimated 
using regression models.  Given the significant limitations on available predictive models for 
estimating tissue concentrations from sediment concentrations, there is uncertainty 
associated with predictions of the extent to which the TCRA has affected or will affect dioxin 
and furan concentration in edible tissues of fish and crabs.  
 

5.9.5 Conceptual Site Model 

The CSM is developed to support the RI by providing a summary of sources, release 
mechanisms, transport pathways, and potential ecological and human receptors.  As the RI 
has proceeded and new information has been developed, the overall CSM for the area north 
of I-10 and the aquatic environment has remained fairly consistent with the CSM developed 
for the RI/FS Work Plan and updated in the PSCR.  The key elements of the CSM that are 
both consistent with past discussions and that have become refined as a result of the RI 
include the following: 
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• Dioxins and furans are the indicator chemical group for the area north of I-10 and the 
aquatic environment.  The wastes in the northern impoundments are a source of dioxin 
and furan toxicity in sediments within this area, but they are not the only source.  The 
dioxins and furans in the paper mill wastes have a distinctive fingerprint, allowing 
delineation of the specific extent of the effects of the wastes on the sediment 
environment under baseline conditions.  This distinctive fingerprint provides a means to 
target remedial action on those sediments and soils that can be identified as having been 
impacts by the paper mill wastes from the northern impoundments. 

• 2,3,7,8-TCDD and 2,3,7,8-TCDF are associated with the paper mill wastes in the northern 
impoundments.  Because these congeners are preferentially taken up by biota relative to 
other congeners by virtue of their molecular size, regardless of the source, 2,3,7,8-TCDD 
and 2,3,7,8-TCDF that can be measured in biological tissues collected within USEPA’s 
Preliminary Site Perimeter could have originated from other sources including nearby 
public treatment works and industries, and urban runoff both within and outside of 
USEPA’s Preliminary Site Perimeter.  2,3,7,8-TCDD and 2,3,7,8-TCDF in tissues within 
USEPA’s Preliminary Site Perimeter are not necessarily derived from the wastes.  
However, physical proximity to a 2,3,7,8-TCDD and 2,3,7,8-TCDF source, such as the 
paper mill wastes in the impoundments, provides a basis for associating a possible source 
of the observed tissue concentrations of dioxins and furans. 

• Other COC sources likely affect the area north of I-10 and the aquatic environment and 
contribute to the risks associated with them.  This is true for all COCs: dioxins and 
furans, PCBs, and mercury. 

• The area within the original 1966 perimeter of the impoundments north of I-10 contains 
the highest concentrations of dioxins and furans under baseline conditions.  This area is 
associated with the greatest risk identified by the risk assessment process, particularly 
from assumed direct contact exposures (by people) and direct sediment ingestion (by 
shorebirds and small mammals) under the hypothetical conditions assumed for risk 
assessment purposes.  Proximity to the wastes in the impoundments is also an important 
risk driver for clams; tissue concentrations of 2,3,7,8-TCDD in clam samples collected 
directly adjacent to the wastes reached and exceeded levels associated with adverse 
reproductive effects.  As a result, implementation of the TCRA resolved much of the 
baseline risk.  The only uncertainty about whether baseline risks were fully resolved by 
the TCRA derives from uncertainty associated with post-TCRA tissue concentrations. 
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6 AREA OF INVESTIGATION SOUTH OF I-10 

In comments on the RI/FS Work Plan, USEPA required that the RI include collection of soil 
samples on the peninsula south of I-10 (Tzhone 2010a, pers. comm.).  In later 
communications, USEPA indicated a specific area considered to be potentially affected by an 
impoundment constructed in the 1960s for the disposal of paper mill wastes, and specified 
that sampling should occur in this area (Tzhone 2011a, pers. comm.).  The area that USEPA 
considered potentially affected by this southern impoundment is shown as the yellow 
polygon in Figure 6-1.  Figure 6-1 shows three other possible interpretations of the extent of 
the area potentially affected by a southern impoundment.  The largest of these was labeled 
Soil Investigation Area 4 for the purposes of the Soil SAP.  Soil Investigation Area 4 is 
divided into Area 4a, defined by an area in which water can be observed in a 1966 aerial 
photograph, and Area 4b, which is the rest of the area within Area 4 (Figures 2-11 and 6-1).   
 
In response to USEPA’s requirements, IPC has conducted two separate sample collection 
events in and adjoining Soil Investigation Area 4, Phase I (March 2011) and Phase II (May 
2012); these are described in the investigation summary in Section 2.1.19  An overview of 
these two sampling events is as follows: 

• March 2011 (soil) – Soil cores were collected at 10 stations.  Multiple depth intervals 
were sampled: surface (0 to 6 inches), shallow subsurface (6 to 12 inches), deep subsurface 
(12 to 24 inches), and 2-foot intervals starting at 2 to 4 feet and extending the length of 
the core, with the deepest increment consisting of a 5-foot interval, where possible.  
Absolute core depth varied on the basis of conditions at that station.  At three additional 
locations, the surface and shallow subsurface depth intervals were collected so that at 
least 10 surface samples would be available for use in risk assessments, if necessary.  All 
samples from seven of the 10 cores and all samples at the three locations where surface 
and shallow subsurface samples were taken were analyzed for COIs (Table 1-1).  
Chemical analytes in all intervals of the three remaining cores were only dioxins and 
furans.  All samples were analyzed for TOC and grain size.   

                                                 
19 The investigation under the UAO with respect to the peninsula south of I-10 has been conducted by IPC 
only.   
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• May 2012 (soil, groundwater, and sediment) 

− Soils cores at 15 additional locations were collected, 10 of which were within Soil 
Investigation Area 4, and five of which were outside of that area (Figure 2-11).  
Each core included samples from the top three depth increments in the uppermost 
2 feet and the 2-foot increments at greater depth as listed above.  All samples were 
analyzed for dioxins and furans, TOC, and grain size.  A subset of samples from 
stations in Soil Investigation Area 4 were analyzed for COPCs identified in the 
COPC Tech Memo (Integral 2011a) (Table 1-2), in every other 2-foot interval, 
starting with the uppermost 2 feet.  At USEPA’s direction, the same subset of soil 
samples was analyzed for 209 PCB congeners and a full suite of VOCs and SVOCs 
(Table 1-3).  Finally, and again at USEPA’s direction, a subset of samples from two 
locations outside of Soil Investigation Area 4 was also analyzed for VOCs.  

− Groundwater wells were installed in three locations (Figure 2-13).  One sample at 
each location collected in May 2012 was analyzed for COPCs, VOCs, and SVOCs 
(Table 1-5). 

− Sediments were collected at four locations (SJSD001 through SJSD004; Figure 2-2), 
at depth intervals of 0 to 6 inches, 6 to 12 inches, and 12 to 24 inches.  Samples 
were analyzed for COPCs and PCB congeners (Table 1-4). 

 
The complete set of soil sample locations in Soil Investigation Area 4 and adjacent areas is 
shown in Figure 2-11.  Results of the 2011 sampling event were presented in the PSCR 
(Integral and Anchor QEA 2012a), and results of the 2012 sampling event are presented in 
this document for the first time.  The number of samples for each medium and analyte are 
summarized in Tables 2-11 (for sediment), 2-12 (for groundwater), and 2-14 (for soil).  
 
This section presents the descriptive information and summarizes results of risk analyses 
generated by the RI for the area of investigation on the peninsula south of I-10.  In 
combination with the description of the environment of the area within USEPA’s 
Preliminary Site Perimeter and other information presented in earlier chapters of this RI 
Report, the information presented in this section addresses all subjects in the suggested 
outline of an RI Report by USEPA (1988) guidance (as prescribed by the UAO).  Specific 
information related to the area of investigation south of I-10 addressed in this section 
includes: 
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• Description of the site history  
• Description of the nature and extent of COPCs 
• Discussion of the subsurface environment and chemical fate and transport 
• Summaries of the baseline risk assessments. 
 
This information is used to support an update of the CSM for the southern impoundment.  In 
addition to this information, Appendix D provides the BERA for the area of investigation 
south of I-10.  The BHHRA (Integral 2013) addresses risk for hypothetical trespasser and 
worker scenarios for this area of investigation.   
 

6.1 History of the Peninsula South of I-10 

A site history for the peninsula south of I-10 was first evaluated and presented in Soil SAP 
Addendum 1 (Integral 2011d).  The emphasis of that discussion was on aerial photographic 
and documentary evidence that were used to describe conditions and events on the 
peninsula south of I-10 in the 1960s, when historical records indicate that paper mill waste 
from the Champion Papers mill in Pasadena, Texas may have been barged to and deposited 
into an impoundment south of I-10.  A report of an investigation conducted by the Texas 
State Department of Health states that on September 13, 1965, MIMC took over the settled 
waste disposal from the previous operator (TDH 1966, p. 1).  The report also notes that the 
“… older site on the south side of the Highway …” was “… used prior to McGinnes Corp. 
taking over the operation and appears to consist of a pond covering between 15 and 
20 acres …” (TDH 1966, p. 2) and that at the time of the TDH investigation in April 1966, 
the depth of water in parts of the south pond ranged between 3 to 5 feet (TDH 1966, p. 3).   
Historical documents and aerial photographs were used to define an area that may have been 
affected by disposal of paper mill wastes.   
 
During the planning for soil sampling conducted in March 2011, additional information 
about the peninsula south of I-10 was obtained, including an application for a municipal 
settings designation (MSD) for the neighboring property occupied by Southwest Shipyards 
on the eastern side of the peninsula, submitted to the TCEQ on behalf of MSJ Holdings, L.P. 
(W&M 2011).  That information was presented in the PSCR (Integral and Anchor QEA 
2012a), and was used to update the CSM for the southern impoundment.  For this document, 
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the original historical analysis presented in Soil SAP Addendum 1, additional information 
from W&M (2011), additional information from GW Services (1997) and related 
communications, and additional historical aerial photographs are presented and summarized 
to describe significant changes in physical features and land use that have occurred from the 
early 1970s to the present.  This information is presented because it provides context for and 
may have bearing on interpretation of the extent and distribution of COPCs in soils of the 
peninsula south of I-10.   
 
Some of the historical information related to activities on the peninsula south of I-10 
(including some of the aerial photographs) was not available to be reviewed and evaluated in 
time for incorporation into this RI Report.  The information presented herein, however, 
provides appropriate context for the RI.  Also, historical documents indicate that the TNRCC 
(renamed TCEQ) ordered soil chemistry data to be collected from the Southwest Shipyards 
property and from a property within the boundaries of Soil Investigation Area 4 that was 
occupied by Southwest Shipyards from the mid 1980s to 1998, but the soil chemistry data 
could not be obtained for evaluation in this RI Report.  Therefore, this discussion of the site 
history for the peninsula south of I-10 is not comprehensive. 
 

6.1.1 Impoundment Location and Configuration 

Several aerial images of the peninsula south of I-10 were analyzed to determine the 
approximate location and history of the southern impoundment and subsequent land use on 
the peninsula south of I-10.  These images, from 1962, 1964, 1966, 1970, and 1973, are 
presented in Appendix B of the Soil SAP Addendum 1 (Integral 2011d) along with certain 
historical documents (TDH 1966; McGinnes 1966) to describe conditions on the peninsula 
south of I-10 in the 1960s and early 1970s.  The aerial photograph from 1964 indicates that 
an impoundment south of I-10 appears to have been constructed by forming berms adjacent 
to the western shoreline of the peninsula south of I-10.  There is no information as to who 
may have constructed the berms.  The outward appearance of the southern impoundment in 
1964 was consistent with that of the impoundments north of I-10, which were constructed 
in 1965 by forming berms, as described in Section 5.1.   
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USEPA has provided an interpretation of the aerial photograph from 1964 showing a possible 
perimeter of the impoundment (13.4 acres), as well as an interpretation of a historical 
drawing included in the TDH (1966) inspection report dated May 6, 1966 (22.8 acres) 
(Tzhone 2011b, pers. comm.).  The larger of these two perimeters was used to define Soil 
Investigation Area 4 (Figure 6-1).  Both of USEPA’s interpreted impoundment perimeters are 
shown in Figure 6-1.  An alternative interpretation of the TDH (1966) drawing (20.9 acres) is 
also shown in Figure 6-1.  This alternative interpretation is based on the appearance of roads 
on aerial photographs from 1964 and 1973 that suggests a somewhat different shape than that 
proposed by USEPA.  Finally, an aerial photograph from October 16, 1966 (Appendix B of 
Soil SAP Addendum 1, Integral 2011d) shows an area on the peninsula south of I-10 that 
appears to be covered by liquid; this fourth possible perimeter (7.9 acres) is also shown in 
Figure 6-1.  A drawing included in a July 21, 1966 document (McGinnes 1966) depicts an 
area that is similar in shape and location to the area covered by liquid shown in the 1966 
aerial photograph.  
 

6.1.2 Historical Paper Mill Waste Disposal and Waste Characteristics 

Disposal of paper mill wastes in 1965 and 1966 is described in Section 5.1.  The wastes that 
were deposited in the impoundments north of I-10 have been found to contain dioxins and 
furans, PCBs, and mercury (Section 5.1) and to have a distinctive dioxin and furan 
fingerprint (Section 5.4.1.2).   
 
Available historical documentation indicates that wastes deposited in the southern 
impoundment observed on the aerial photographs may also have included wastes that 
originated from the Champion Papers Inc. paper mill (TDH 1966), and that the 
impoundment was used for “stabilization” of liquid wastes (McGinnes 1966).   
 

6.1.3 Land Use Changes Over Time 

Land uses on the peninsula south of I-10, and specifically on the area to the west of Market 
Street, are partially described by historical aerial photographs and by historical 
documentation.  Historical aerial photographs provide important information, but 
observations are qualitative and cannot be used to derive certain types of details.  Historical 
documentation, although incomplete for the peninsula south of I-10, provides valuable 
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details to specify the location and specific nature of activities that may have occurred and are 
associated with chemicals present in soil or other media.   
 
Physical changes in the area within USEPA’s Preliminary Site Perimeter, including regional 
subsidence, are described in Section 5.1.  Notably, historical aerial photography does not 
indicate that any part of the peninsula south of I-10 has been submerged as a result of the 
regional subsidence. 
 

6.1.3.1 Interpretation of Aerial Photographs: 1962 to 1973 

To better understand the history of the peninsula south of I-10 and to prepare for soil 
sampling in 2011, aerial photographs of this area from 1962 through 1973 were evaluated.  In 
comments on the draft of Soil SAP Addendum 1, agency reviewers provided an alternative to 
the interpretation presented below.  The alternative interpretation is provided in its entirety 
in Appendix C of the final Soil SAP Addendum 1 (Integral 2011d).  Analysis by IPC of 
historical photographs results in the following observations:  

• No impoundment berms existed in 1962 – The aerial photograph from 1962 indicates the 
absence of any impoundment berms at that time.  At the northern extent of the peninsula 
south of I-10, and to the west of center, there appears in 1962 to be a round or oval-
shaped area within which some soil disturbance or discoloration is evident (Figure 6-2).  

• The perimeter berms of the southern impoundment never formed a complete enclosure – 
The aerial photograph from 1964 (Figure 6-3) shows constructed berms adjacent to the 
western shoreline of the peninsula south of I-10.  There is no berm visible along the 
southern or southeastern edges of this area in 1964.  The eastern berm is shorter than the 
western berm, extending only about half the length of the western berm, and apparently 
trending southeastward for a short distance at its southern extent, ending in the middle 
of the peninsula.  Photographs in subsequent years do not show southern or southeastern 
berms. 

• The topography in 1964 can be discerned – On the basis of apparent liquid pooling 
around the edges of the impoundment in 1964, it appears that the interior of the 
impoundment was elevated above the edges that parallel the berms.  This configuration is 
consistent with a construction process involving excavation of soils and use of the 
sidecast to create the berms directly adjacent to the excavated area.  In this type of 
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process, the excavated area directly adjacent to the berms is deepest, and the area in the 
middle is undisturbed and remains at a somewhat higher elevation.  Because excavation 
would have lowered the elevation of the excavated area (directly adjacent to the newly 
formed berms), there is what appears to be liquid visible in 1964.  This apparent liquid 
could be stormwater, water upwelling from the shallow groundwater environment, or 
wastewater that was deposited there.  There is no indication that in 1964 this area was 
being used for, or was planned to be used for, disposal of paper mill wastes.  The available 
information indicates that any disposal of paper mill wastes here would not have taken 
place until sometime in 1965.  The interior section of the impoundment also appears to 
have significant vegetation cover in 1964.   

• Vegetation within the 1964 impoundment resembles vegetation outside of it, and 
resembles vegetation in 1962 – In the 1964 aerial photograph (Figure 6-3), the vegetative 
conditions within the berms are the same as those to the east of the eastern berm.  The 
vegetative patterns in the 1962 aerial photograph (Figure 6-2), prior to any apparent 
berm construction, are very similar to those in 1964.  If the entire area defined by the 
boundary of Soil Investigation Area 4 (Figure 6-1) had been flooded by liquid waste 
between 1962 and 1964, vegetative impacts would be observable as changes between 
1962 and 1964, but no changes are apparent.  

• There is no indication that an eastern berm existed on the eastern edge of Soil 
Investigation Area 4 (Figure 6-1) – Comparisons between the 1962 and 1964 aerial images 
reveal the same bright linear feature in both images along the eastern edge of the larger 
of USEPA’s two estimated impoundment perimeters.  This feature is more likely to have 
been a roadway, not a berm, primarily because its existence predates (1962, Figure 6-2) 
any impoundment berm construction.  It is shown as a road on a 1967 U.S. Geological 
Survey topographic map (see Figure 2-21 of the RI/FS Work Plan).  This road appears to 
be the only access to a structure near the eastern shore of the peninsula, which is visible 
in the same location in the aerial images from 1962 through 1970.  Moreover, if this 
structure were a berm, its construction would have resulted in the digging of a parallel 
trench, as evidenced by the berm-trench feature visible in the 1964 aerial image 
(Figure 6-3) along the western edge of the impoundment.  No such trench, depression, or 
accumulation of water appears alongside this roadway in any of the aerial images from 
1962 to 1973 (Appendix B of Soil SAP Addendum 1, Integral 2011d).   
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• The wetted area visible in the aerial photograph from 1966 is consistent with a drawing 
of the southern impoundment by McGinnes (1966) – Available aerial photographs are 
consistent with a July 21, 1966 document (McGinnes 1966) in two important ways: the 
timing of liquids being present in the southern impoundment (middle of 1966) and the 
shape of the ponded area.  An aerial photograph from October 16, 1966 (Figure 6-4) 
shows an area south of I-10 apparently covered by liquid, roughly corresponding in 
length to the length in the north–south direction of the eastern berm visible on the 1964 
image.  The McGinnes (1966) document shows a drawing of the pond that is the subject 
of the request; the pond appears as a simple rectangular shape with rounded corners.  
This drawing strongly resembles both the shape and location of the pond shown in the 
1966 photograph, although the photograph shows the southern and southeastern 
perimeters of the ponded area as irregular, while the drawing shows a regular rectangular 
shape throughout.  

• The topography of the impoundment in 1964 is very similar to the topography in 1973 – 
Available aerial photographs suggest that the impoundment south of I-10 was not filled 
to capacity with solid waste and may have contained only limited amounts of solids.  
Evidence to support this interpretation can be seen in the aerial images from 1970 and 
1973.  An aerial photograph from 1970 shows ponding in the same area that shows 
ponding in 1964, indicating that the topography within that impoundment was the same 
in 1970 as it was in 1964 (Figure 6-5).  The 1973 aerial photograph shows a depression in 
the northern end of the perimeter traced from the 1964 photograph by USEPA that 
strongly resembles the 1964 condition in the same area.  Given that any disposal of paper 
mill wastes in the peninsula south of I-10 would have been limited to the mid-1960s, 
consistencies in topography between 1964 and 1970 and 1973 strongly suggest that solid 
paper mill waste deposits in the impoundment were likely limited in volume.  These 
analyses and the comparison of the 1964 and 1973 aerial images (Appendix B of Soil SAP 
Addendum 1) also suggest that any impoundment on the peninsula south of I-10 
remained contained within the berms of the original 1964 construction throughout its 
history, and therefore that the lateral and vertical extent of any solid wastes deposited in 
the area during the 1960s is likely limited to the U-shaped wetted area visible in the 1964 
aerial photograph. 
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6.1.3.2 Industrial and Commercial Use: Early 1970s to Present 

More recent data, including several aerial photographs for the period after 1973, the 2008 
LiDAR data (HGAC 2008), and property ownership information, show an active history of 
commercial and industrial use in the area south of I-10.  Comparison of the 1964 berm 
locations with recent topographical and aerial photographic information shows that the 
original 1964 berms are no longer present and that the area has been graded into parking lots 
and building sites (Figure 6-6).  Currently, most of the upland areas south of I-10 are in 
industrial or commercial uses by marine services companies, Kirby Marine, Southwest 
Shipyards, and Glendale Boat Works.  Some commercial/industrial parcels south of I-10 
currently appear to be idle. 
 
Anecdotal information provided by a representative of the current landowner of the 
property that comprises most of Soil Investigation Area 4 indicates that the berms were 
leveled in the early 1970s (Slowiak 2012, pers. comm.), shortly after the property was 
purchased by the current landowner’s family in 1972.  The Southwest Shipyards property (on 
the eastern side of the peninsula, outside of Soil Investigation Area 4) has been used as a 
shipyard extending back to the mid-1950s (W&M, 2011).  With respect to the remainder of 
the peninsula, it underwent substantial physical change beginning in the 1970s due to road 
development, filling and excavation along the western shoreline, building construction, and 
other unknown activities.  Among the available aerial photographs, the potential for such 
activities to impact the environment of the area of investigation on the peninsula south of 
I-10 is most strikingly illustrated in the aerial image from 1989 (Figure 6-7).  In this image, 
intense activity is evident on virtually the entire peninsula south of I-10, resulting in 
extensive tracking throughout the area.  Intense industrial activity is also evident in the 
presence of buildings surrounded by ground disturbances, piles of material or objects, and 
docks or barges along the shoreline.  Light-colored deposits dotted with dark-colored objects 
or materials appear in about half of the area in the middle of Soil Investigation Area 4, 
spanning from the western shoreline to Market Street to the east.  Similar smaller deposits or 
piles appear throughout that mid-section of the Soil Investigation Area 4.  This image 
exemplifies the intensity of land use in that area in the 1980s, as observable in other aerial 
images from that time period. 
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The western shoreline of the peninsula in 1989 as pictured in Figure 6-7 also illustrates an 
important change in its condition relative to 1973 (Figure 6-5).  Although the 1973 aerial 
photograph appears to have been taken during flood conditions, a significant deposit of land 
along the western shoreline that was present in 1989 appears to be absent in 1973.  In 
Figure 6-5, it appears that the western shoreline has been removed up to about the western 
edge of Soil Investigation Area 4, which is at about the same location as the western edge of 
the impoundment (Figure 6-1).  By 1989, this area had been filled in and there is land that 
appears to be well above the water line (Figure 6-7).  In fact, the southern part of that area of 
shoreline was filled by 1981; the entire area was filled to approximately its 1989 
configuration by 1984. 
 
In the 2008 LiDAR topographic imagery (Figure 6-6), a relatively elevated feature or mound 
is apparent at the northern extremity of Soil Investigation Area 4 (Figure 6-6).  Its shape does 
not resemble the original berms, and its location does not match that of the original 
perimeter.  Grading for building construction and parking lots within this area may have 
resulted in the creation of this mound.   
 
An alternative interpretation of historical activities on the peninsula south of I-10 during the 
1960s was provided in agency comments on the draft of Soil SAP Addendum 1 (which are in 
Appendix C of Soil SAP Addendum 1).  There are also limits on available documentation and 
information about activities in this area, as referenced above, which means that there are still 
uncertainties regarding historical activities in this area during this time period.  
 

6.1.4 Other Waste Handling and Environmental Response Actions South of 
I-10  

Available historical information provides detail on disposal of materials other than paper mill 
wastes within the area of investigation on the peninsula south of I-10, on specific types of 
industrial waste handling activities, and on previous environmental investigations and 
response actions that have occurred on the properties south of I-10. 
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6.1.4.1 Disposal of Other Anthropogenic Wastes  

In connection with field sampling for both phases of the soil study conducted south of I-10, 
field personnel visited the area to prepare for and perform sampling.  During the field 
sampling activities, a representative of the current landowner of the property that comprises 
most of Soil Investigation Area 4 informed field personnel that his family had purchased the 
property in 1972 and that the area within the original berms of the southern impoundment 
was used by third parties after 1972 for disposal of storm debris and assorted construction 
waste or other debris.  The landowner also reported an investigation at some unknown time 
involving groundwater wells, as well as a petroleum-related soil removal project in an area 
towards the southwestern extent of the area of investigation on the peninsula south of I-10, 
to the west of Market Street.  To date, documentation of any environmental investigation 
and/or response activities reported by the landowner has not yet been located.  
 
Information resulting from the soil study confirms the anecdotal reports that disposal of 
wastes other than paper mill wastes occurred within Soil Investigation Area 4.  Specifically, 
the presence in soil cores of anthropogenic debris, including fragments of glass and ceramic, 
asphalt shingles, brass pipe fitting, plastic, and significant amounts of wood is clear evidence 
that other sources and types of waste are present below the ground surface in that area.  This 
type of debris has not been detected in any cores taken north of I-10 and is not associated 
with paper mill wastes.  The presence of fill or wastes that did not originate at the Champion 
Papers mill in Pasadena is indicated as “Other Anthropogenic Wastes” as a source category 
on the CSM diagram (Figure 5-45).  
 

6.1.4.2 Activities on the Property Occupied by Southwest Shipyards  

East of Soil Investigation Area 4, on the southern half of Southwest Shipyards’ property, is an 
area that has recently been the subject of an application for an MSD (W&M 2011).  The MSD 
application provides relevant detail about Southwest Shipyards’ waste handling activities that 
were previously presented in the PSCR (Integral and Anchor 2012a) and are summarized 
below.  The MSD describes activities by Southwest Shipyards that have impacted soil and 
groundwater in the area south of I-10.  Additionally, historical documentation for the area 
west of Market Street indicates that Southwest Shipyards leased land along the shoreline of 
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the southern peninsula from 1985 to 1996, and conducted certain activities there involving 
the generation and disposal of wastes, also described below. 
 

6.1.4.2.1 Activities on the Southeastern Portion of the Property Occupied 
by Southwest Shipyards 

The MSD application indicates that Southwest Shipyards has occupied the property to the 
east of Market Street since 1957, and has performed its ship cleaning and maintenance 
operations there throughout most or all of that time.  The Southwest Shipyards’ property was 
the site of a waste impoundment used for management of wastes associated with barge repair 
and cleaning materials (e.g., grinding or blasting wastes and cleaning solutions).  According 
to W&M (2011), the contents of this impoundment were pumped out and affected soils were 
removed in 1979.  The impoundment was then backfilled 10 to 20 feet bgs with construction 
debris, covered with 1 to 2 feet of cement kiln dust, and capped with 2 to 4 feet of clay and 
seeded topsoil.  Sumps were installed as early as 1979 to manage oily wastes in the area of 
interest to the MSD application, and groundwater monitoring has occurred in that area from 
1979 to the present.  Under direction of the TCEQ, a program to remove nonaqueous phase 
liquid was implemented in 1992.  In 1997, Southwest Shipyards entered into an Agreed 
Order with TRNCC (the 1997 Agreed Order) that is described in Section 5.1.  The 1997 
Agreed Order addressed the upland sand separation area located north of I-10 that had been 
leased by Southwest Shipyards and used for barge repairs in 1996.  It also addressed areas on 
the Southwest Shipyards’ property and an area, discussed below in Section 6.1.4.2.2, located 
within the area of investigation on the peninsula south of I-10.  In addition, a corrective 
action plan pertaining to groundwater was approved in 2001 and has been implemented.   
 
It is unknown whether waste handling activities and resulting environmental conditions on 
the Southwest Shipyards’ property have affected the surface or subsurface environment 
within the area of the soil investigation south of I-10.  W&M (2011) reports soils and 
groundwater chemistry data only for sampling conducted on the Southwest Shipyards’ 
property, east of Market Street.  However, these samples provide some information on the 
types of chemicals generated or used in the Southwest Shipyards’ operations.  W&M (2011) 
reports lead, chromium, petroleum hydrocarbons, and solvents as being present in soils.  
VOCs detected in soils of the Southwest Shipyards’ property on several occasions include 
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benzene, acetone, methyl ethyl ketone, xylenes, trichloroethene, and others.  Similarly, 
chemicals detected in groundwater east of Market Street in sampling performed pursuant to 
the 1997 Agreed Order include benzene, ethylbenzene, other volatiles, and PAHs.  These 
types of chemicals, and some of the specific chemicals found in groundwater on the 
Southwest Shipyards’ property, are found in soil and groundwater samples collected within 
Soil Investigation Area 4. 
 
Southwest Shipyards has also been the subject of three enforcement actions by the State of 
Texas, one of which (the 1997 Agreed Order, described in Section 5.1 and also discussed 
below) was not yet settled as of the time the MSD application was submitted in 2011 
(W&M 2011).  Two other settled actions that are referenced in the MSD application are 
described as resulting from improper handling or disposal of hazardous wastes, insufficient 
documentation of hazardous waste disposal, and various failures to control wastes generated 
by the shipyard’s operations.  The third enforcement action (the 1997 Agreed Order) is 
discussed below.  
 

6.1.4.2.2 Activities on the Western Shoreline of the Peninsula South of I-10 

At the time of the MSD application (May 2011; W&M 2011), Southwest Shipyards was 
subject to the 1997 Agreed Order.  Southwest Shipyards was required by the 1997 Agreed 
Order to address hazardous wastes on “Yards A, B and C,” which correspond to A, B, and C 
Yards in GW Services (1997).  As described by GW Services (1997), the A Yard was on the 
property east of Market Street occupied by Southwest Shipyards.  The B Yard was on the 
western shoreline of the peninsula south of I-10, in the vicinity of Station SJSB013 
(Figure 2-11).  The C Yard was located on the upland sand separation area north of I-10, and 
Southwest Shipyards’ activities there were discussed in Section 5.1.  The 1997 Agreed Order 
refers to Yards A and B together as “Yard A.”   
 
The 1997 Agreed Order, among other things, required Southwest Shipyards to implement 
corrective actions related to soil and groundwater at “Yard A,” a term inclusive of A and B 
Yards.  Documentation related to the 1997 Agreed Order (GW Services 1997) indicates that 
in B Yard, two barges were run aground on the western shoreline to form a sheet metal dock.  
The area where this dock was established is visible in the upper panel of Figure 2-11 in the 
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middle of the western shoreline of the peninsula south of I-10.  Available documentation 
states that from about 1985 to about 1998, Southwest Shipyards leased this area (B Yard) and 
used it for sandblasting and painting barges.   
 
According to GW Services (1997), wastes generated by operations in the leased area (B Yard) 
included spent blast sand, paint, rust chips, and paint drip and overspray.  Spent blast sand 
was stockpiled on the shoreline, within about 100 feet of the sheet metal dock, according to 
GW Services (1997).  Screens and other controls were not used during sandblasting and 
cleaning, and blast sand, paint chips, paint, and solvents were discharged directly into the 
river; these substances may also have been released by spills.  Southwest Shipyards 
reportedly sampled soils in B Yard and analyzed them for metals and solvents (GW Services 
1997), including 2-butanone, but results of the soil analyses were not available for the 
purposes of this RI Report.  It has not been determined whether soils in the area of the 
western shoreline that was used by Southwest Shipyards have been remediated.  
 
There is additional uncertainty as to what activities may have occurred with respect to 
B Yard, because the 1997 Agreed Order refers to both A and B Yards as “A Yard.”   
 

6.1.5 Summary of Activities on the Peninsula South of I-10  

Information obtained since publication of the PSCR (Integral and Anchor 2012a) adds to the 
details of the history of activities in the peninsula south of I-10, and specifically for the area 
in which berms are observed on the 1964 aerial photographs.  Taken together, the historical 
information gathered on the peninsula south of I-10 indicates that: 

• The impoundment referenced by McGinnes (1966) and TDH (1966) was not present on 
the peninsula south of I-10 in 1962, although there is soil staining or soil disturbance at 
the northern end of the south peninsula, to the west of present-day Market Street.  The 
oldest aerial photo that contains evidence of the construction of berms is from 1964.  

• The berms that appear to define an impoundment, shown in the aerial photograph from 
1964 (Figure 6-3), appear to have been formed in the same manner as the impoundments 
north of I-10, with sidecast from trenching providing the berms of the impoundment 
which ultimately contained the waste, at least at the northern end of the impoundment 
(berms along the southern and southeastern extent of the impoundment are not apparent 
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in the 1964 aerial photograph).  The extent of the area potentially affected by waste 
disposal in the southern impoundment is uncertain, but is most likely within the area 
enclosed by the berms.  It is also uncertain who created the berms. 

• Aerial photographs and anecdotal information indicate that the impoundment berms 
were still visible in 1972, when the current landowner’s family purchased the property 
on which they were located, but that the berms were graded down shortly thereafter. 

• Anecdotal information indicates that the area was used for dumping of various 
anthropogenic wastes since at least the early 1970s, and this is corroborated by findings of 
wood, plastic sheeting, paint chips, ceramic shards, and other debris in the 2011 soil 
sampling event.  

• The terrestrial area currently present to the west of Soil Investigation Area 4 was not 
present in 1973.  At that time, the area was flooded, possibly for navigation or water-
based transport.  This area was filled in and had taken on its current configuration by 
1984. 

• From 1985 to 1998, Southwest Shipyards leased a portion of the western shoreline of the 
southern peninsula, immediately to the south of the present-day location of Glendale 
Boat Works operations on property owned by New Lost River, LLC.  The leased area 
(“B Yard”) is located adjacent to Station SJSB013.  This area includes the same shoreline 
area that appears to be flooded in the 1973 aerial photograph and that was filled in by 
1984.  Southwest Shipyards conducted sandblasting and painting of barges in this area, 
and spent blast sand was stockpiled along an unknown portion of the shoreline.  
Southwest Shipyards was directed by TNRCC to sample soil in this area and analyze it for 
metals and other hazardous wastes.  The resulting data have not yet been located and 
were not evaluated for this RI Report. 

• The entire peninsula south of I-10 was subject to continuous and significant modification 
from the early 1970s through the 1980s.  The 1989 aerial photograph exemplifies the 
intensity of change in that area.  Although a complete evaluation of the aerial photograph 
history could not be completed in the time available to prepare this RI Report, there is 
evidence of deposition and transport of large volumes of material, significant changes in 
the form of the landscape, and continuous physical change from at least 1972 to the 
present. 

 



 
 
 Area of Investigation South of I-10 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 6-16 090557-01 

Together, this information describes a complicated history for the peninsula south of I-10 
that includes evidence of disposal involving anthropogenic wastes and industrial activities 
that occurred after paper mill waste disposal may have occurred during the mid-1960s.  In 
addition, there is information about activities in the peninsula south of I-10 that was not 
available.  The available information, however, informs the interpretation of physical 
evidence and chemical data resulting from the soil and groundwater investigations, described 
below. 
 

6.2 Nature and Extent of COPCs 

This section discusses the nature and extent of selected COPCs in soil and groundwater in 
the area of investigation on the peninsula south of I-10; data for sediment and tissue 
collected for the RI are described in Section 5.1 because they reflect conditions in the aquatic 
environment.  This nature and extent information informs Study Element 1 – Nature and 
Extent Evaluation, Study Element 2 – Exposure and Risk Analysis, and Study Element 3 – 
Physical CSM and Fate and Transport Evaluation. 
 
The BHHRA for the area of investigation on the peninsula south of I-10 found no health 
risks to hypothetical human receptors above the thresholds considered acceptable by USEPA.  
Therefore, no COCs were identified for the human exposure pathways evaluated.  The BERA 
for the area of investigation south of I-10 identified low risks to terrestrial bird populations 
from lead and zinc.  Lead and zinc are therefore identified as COCs. 
 
This section describes the baseline horizontal and vertical extent of these COCs, and the 
other metals in soils considered a negligible risk for terrestrial bird populations but a low risk 
for individuals (cadmium, chromium, and copper).  In addition to information on the COCs, 
the spatial distribution of other chemicals is also described, for each of the following:  

• Dioxins and furans – Concentrations of TEQDF,M in soil are presented because dioxins and 
furans are the indicator chemical group for paper mill waste. 

• Total PCBs – Concentrations of PCBs in soil are presented for completeness, and because 
of USEPA’s interest in this analyte group. 

• Low molecular weight polycyclic aromatic hydrocarbons (LPAH) and high molecular 
weight polycyclic aromatic hydrocarbons (HPAH) – Among the SVOCs analyzed in the 
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area of investigation on the peninsula south of I-10, PAH compounds were the most 
commonly detected; most others were not detected, or were detected in less than 
50 percent of samples.  The description of LPAH in maps and text, in combination with 
that for HPAH, provides a means of presenting findings regarding SVOCs in soil.  
Summary statistics for all SVOCs are presented. 

• VOCs – Description of VOC results using aggregate variables can be more meaningful 
than detailed descriptions of individual VOCs.  The aggregate variables that were used to 
describe the results of analysis for VOCs are: 

− BTEX (benzene, toluene, ethylbenzene, and xylenes) – These compounds are 
considered together as an indicator of light-end petroleum derivatives such as 
gasoline.  

− Chlorinated VOCs – These compounds are considered together as an indicator of 
the presence of solvents and cleaning fluids. 

 
For groundwater, most of the VOCs and SVOCs were never detected.  Therefore, results of a 
screening review of groundwater chemistry results are presented, and a detailed description 
focused on chemicals exceeding screening values is provided.  Summaries are presented first 
for dioxins and furans, then other organics, with metals presented last for each medium. 
 

6.2.1 Soil 

Soil sampling was conducted in Soil Investigation Area 4 and adjacent areas to the west and 
south, as shown in Figure 2-11, and as described in Section 2.1 and in the introduction to 
Section 6.  Soils data include surface, subsurface, and core samples, defined as follows: 

• Surface soil samples collected from 0 to 6 inches 
• Shallow subsurface soil samples collected from 6 to 12 inches 
• Deep subsurface soil samples collected from 12 to 24 inches 
• Core samples collected at depths greater than 24 inches. 
 
Sampling at three locations (SJSB008, SJSB009, and SJSB010) involved collection of the top 
2 feet of soil as a collective unit; dioxins and furans were the only chemistry parameters 
analyzed in these samples.  For summary statistics, these three samples are included with the 
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subsurface samples, because the majority of the sample interval falls within this depth 
category. 
 
Surface and shallow subsurface samples were collected at all sampling locations in the area of 
investigation on the peninsula south of I-10, except the three core locations noted above.  
Deep subsurface samples and core samples were collected from 26 of the 29 sample locations.  
Samples were analyzed according to specifications of the Soil SAP (Integral 2011c) and 
addenda. 
 
Summary statistics are presented in tables.  For calculation of summary statistics, samples 
were grouped as follows: those from 0 to 6 inches, those from 6 to 24 inches, and those for 
core intervals deeper than 2 feet.  At the three stations where only cores were collected and 
the uppermost interval is the top 2 feet of soil (Stations SJSB008, SJSB009, and SJSB010), 
chemical concentrations in the uppermost 2-foot interval were included in calculation of 
summary statistics for the 6- to 24-inch interval.  In summary tables, statistics presented 
include the mean, calculated with all data including nondetects substituted at one-half the 
detection limit; the range; and detection frequencies.  Summary statistics for soil samples 
from Soil Investigation Area 4 and adjacent areas in surface, subsurface and core samples are 
presented for each analyte or analyte group in tables as follows:  

• Dioxins and furans – Tables 6-1, 6-2, and 6-3 
• Total PCBs – Table 6-4 
• LPAH, HPAH, and all individual SVOCs – Tables 6-5, 6-6, and 6-7 
• BTEX, chlorinated VOCs, and all individual VOCs – Tables 6-8, 6-9, and 6-10 
• Metals that are COCs or pose low risk to individual terrestrial birds – Table 6-11. 
 
Soil chemical distributions presented in core maps show available surface, subsurface, and 
deep core chemical concentrations for all samples.  The core segment divisions are scaled to 
the actual thickness of each sample interval collected in the field; some soil core samples 
were not fully retrievable, and actual soil sample increments differed from those prescribed 
by the Soil SAP or related addenda, as described in the FSRs for these soil sampling events 
(Integral and Anchor 2011e; Integral 2012f).  Concentration ranges are color-coded and 
correspond to a concentration scale for each particular chemical.  For TEQDF,M, the 
concentration classifications used in color-coding the chemical data are order of magnitude 



 
 
 Area of Investigation South of I-10 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 6-19 090557-01 

bins (i.e., <1, 1-10, 10-100, 100-1000, etc.) because of the very wide range in this parameter.  
For the other chemicals, concentration classifications are coded by quantiles based on the 
range in the entire surface and subsurface dataset, so the concentration ranges are the same 
for both surface and subsurface data. 
 

6.2.1.1 Dioxin and Furan Concentrations in Soil 

The distribution of TEQDF,M concentrations in soil are used to illustrate the spatial and 
vertical patterns in dioxin and furan concentrations in soil from Soil Investigation Area 4 and 
adjacent sampled areas (Figure 6-8).  Summary statistics in Tables 6-1, 6-2, and 6-3 are 
provided for each dioxin and furan congener, and for TEQDF,M. “Fingerprints” of the dioxins 
and furans in the samples are included as Appendix F.   
 

6.2.1.1.1 Surface Soil 

TEQDF,M concentrations in surface soil from Soil Investigation Area 4 and adjacent sampled 
areas range from 1.35 to 36.9 ng/kg (Table 6-1).  TEQDF,M concentrations above 30 ng/kg in 
surface soil occur at both the southern (Stations SJSB023 and SJSB024) and northern 
(Stations SJSB001 and SJSB014) ends of Soil Investigation Area 4 (Figure 6-8).  These are the 
only locations where TEQDF,M in surface soils exceeds the surface soil REV for this parameter 
of 24.3 ng/kg (Table 4-27).  Substantially lower concentrations including the minimum 
TEQDF,M concentration of 1.35 ng/kg are found at stations in close proximity to those that 
exceed the REV, indicating that these few slightly elevated TEQDF,M concentrations are 
localized.  The average surface soil TEQDF,M in Soil Investigation Area 4 and adjacent areas is 
most similar to that of Soil Investigation Area 2, beneath I-10, in the TxDOT ROW 
(Table 5-1).  Within Soil Investigation Area 4, the congener with the highest concentration 
in surface soil is OCDD, at 64,900 ng/kg (Table 6-1).  TCDD concentrations range up to 
24.3 ng/kg. 
 

6.2.1.1.2 Subsurface Soil 

In subsurface soils from 6 to 24 inches, TEQDF,M concentrations range from 0.134 to 
303 ng/kg, with an average of 16.5 ng/kg (Table 6-2).  The second highest concentration in 
this depth interval (43.1 ng/kg at Station SJSB018) is much lower than the maximum 
(Figure 6-8).  These concentrations, as well as concentrations in this depth interval at several 
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other locations, are greater than the subsurface REV for TEQDF,M (6.26 ng/kg; Table 4-27).  
The TEQDF,M concentration for most subsurface samples is not substantially elevated above 
the surface REV of 24.3 ng/kg (Table 4-27).  The average TEQDF,M concentration in 
subsurface soils from 6 to 24 inches deep is slightly greater in the area of investigation on the 
peninsula south of I-10 than in Soil Investigation Area 1, which includes the upland sand 
separation area and the nearby access road north of I-10 (Table 5-2).  As for surface soils, the 
congener with the highest concentrations in subsurface soils collected south of I-10 is OCDD 
at 57,900 ng/kg (Table 6-2).   
 

6.2.1.1.3 Soil Cores  

TEQDF,M concentrations deeper than 2 feet range from 0.092 to 50,100 ng/kg and average 
743 ng/kg (Table 6-3).  The maximum core TEQDF,M occurs at a depth of 6 to 8 feet and is at 
Station SJSB019 in the southern part of Soil Investigation Area 4 (Figure 6-8).  
Station SJSB023 has the second-highest TEQDF,M concentration (35,500 ng/kg, at depth 
interval of 4 to 6 feet [Figure 6-8]); the highest concentration in surface soils is also found at 
this location.  The majority of the highest core TEQDF,M concentrations occur between 6 and 
12 feet deep, and are associated with stations located along the west side of Market Street 
(i.e., near the center of the peninsula south of I-10).  Sixty percent of the core TEQDF,M 
concentrations are not substantially elevated above the surface REV of 24.3 ng/kg 
(Table 4-27). 
 

6.2.1.2 PCB Concentrations in Soil 

PCB concentrations were measured in Soil Investigation Area 4 soils, as Aroclors in 2011 and 
then, by USEPA request, as congeners in 2012.  Horizontal and vertical PCB distributions are 
shown in Figure 6-9, with summary statistics given in Table 6-4.  The following rules were 
applied to calculation of total PCBs for this evaluation: 

• For the 2011 samples, total PCB concentrations were calculated as the sum of detected 
Aroclors.  If no Aroclors were detected in a given sample, one-half the maximum 
detection limit for all Aroclors in that sample was used to estimate the total PCB 
concentration. 

• For the 2012 samples, all 209 congeners were analyzed.  Total PCB concentrations were 
calculated as sum of all congeners, with nondetects set to one-half the detection limit. 
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6.2.1.2.1 Surface Soil 

Total PCB concentrations in surface soil from Soil Investigation Area 4 range from 1.05 to 
468 µg/kg, with an average concentration of 98 µg/kg (Table 6-4).  The highest 
concentrations in surface soil occur in the southern portion of Soil Investigation Area 4 
(Figure 6-9), with the maximum concentrations found at Stations SJSB018 and SJSB019; 
others in the same area range from 141 to 374 µg/kg.  The lowest concentrations, by contrast, 
occur in the northern portion of the Soil Investigation Area 4.   
 

6.2.1.2.2 Subsurface Soil 

Total PCB concentrations in Soil Investigation Area 4 subsurface soil range from 0.97 to 
838 µg/kg and average 105 µg/kg (Table 6-4).  The general pattern of total PCB distribution in 
the subsurface soil mirrors that of the surface soil (Figure 6-9).  The maximum subsurface 
concentrations occur at Stations SJSB018 and SJSB019 in the south-central part of Soil 
Investigation Area 4.  The lowest concentrations are located in the northern portion of Soil 
Investigation Area 4. 
 

6.2.1.2.3 Soil Cores  

Total PCB concentrations in soil deeper than 2 feet range from 0.25 to 6,590 µg/kg, with an 
average concentration of 348 µg/kg (Table 6-4).  The maximum concentrations occur at 
Station SJSB023 at a depth of 4 feet (Figure 6-9).  This result at depth at Station SJSB023 
corresponds to the second-highest TEQDF,M concentration in soils (of 35,500 ng/kg).  The next 
highest total PCB concentrations occur at Stations SJSB015 (5,960 µg/kg at 12 feet) and 
SJSB019 (3,270 µg/kg at 8 feet).  At both stations, the elevated total PCB concentration 
corresponds to a sample where TEQDF,M is also elevated (2,950 ng/kg at Station SJSB015 and 
50,100 ng/kg at Station SJSB019).  The majority of the highest total PCB concentrations are 
found deeper than 4 feet, and many occur in soils deeper than 6 feet.  Higher total PCB 
concentrations occur evenly distributed across Soil Investigation Area 4 in the deep soils, a 
departure from the pattern evident at shallower depths.   
 
A correlation analysis using all Soil Investigation Area 4 soil samples analyzed for PCBs 
found a very poor correlation between total PCBs as the sum of 209 congeners (ND = 0) and 
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total dioxins and furans (tau-b = 0.098).  Using total PCBs calculated as the sum of 43 
congeners, a poor but significant (p < 0.05) correlation is observed between these two 
variables (tau-b = 0.53).  This analysis can only be performed for a subset of soil samples, 
because all congeners were not analyzed in all samples.  
 

6.2.1.3 SVOC Concentrations in Soil 

SVOC summary statistics for soil in Soil Investigation Area 4 and adjacent sampled areas are 
provided in Tables 6-5, 6-6, and 6-7.  In general, PAHs are the most commonly detected 
SVOCs; consequently, this discussion uses LPAH and HPAH to describe relevant patterns in 
soil concentrations (Figures 6-10 and 6-11, respectively).  Only a handful of SVOCs were 
analyzed in the 2011 samples; the 2012 samples (for which the full suite of SVOCs was 
analyzed) provide a more comprehensive picture of SVOCs in the area of investigation on 
the peninsula south of I-10. 
 

6.2.1.3.1 Surface Soil 

LPAH in Soil Investigation Area 4 surface soil range from 47 to 393 µg/kg; the average 
concentration is 235 µg/kg (Table 6-5).  The highest concentrations occur at Stations SJSB019 
and SJSB023 in the south-central portion of Soil Investigation Area 4 soils (Figure 6-10).  
Sample locations with the lowest concentrations are scattered both north and south of the 
locations with the highest concentrations.   
 
Soil Investigation Area 4 surface soil HPAH soil concentrations range from 430 to 
4,840 µg/kg and average 1,800 µg/kg (Table 6-5).  The HPAH spatial distribution mirrors that 
of LPAH, with the maximum concentrations occurring at stations located in the south-
central portion of Soil Investigation Area 4, bounded by stations with the lowest 
concentrations (Figure 6-11).   
 

6.2.1.3.2 Subsurface Soil 

Subsurface soil LPAH concentrations in Soil Investigation Area 4 range from 9.5 to 
1,950 µg/kg, with an average of 258 µg/kg (Table 6-6).  The maximum concentration 
occurred at Station SJSB019.  All of the highest concentrations are found at stations located 
in the south-central portion of Soil Investigation Area 4 (Figure 6-10).  As for surface soil, 
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locations with lower LPAH concentrations bound those with the highest concentrations 
both to the north and south. 
 
HPAH subsurface soil concentrations in Soil Investigation Area 4 range from 31 to 
6,840 µg/kg and average 1,180 µg/kg (Table 6-6).  The maximum concentration occurs at 
Station SJSB019.  In a pattern similar to that of LPAH concentrations, the highest subsurface 
soil HPAH concentrations were found in the south-central portion of the Soil Investigation 
Area 4, bounded by areas with much lower subsurface HPAH concentrations (Figure 6-11). 
 

6.2.1.3.3 Soil Cores  

LPAH concentrations in soil deeper than 2 feet range from 9.4 to 2,970 µg/kg, with an 
average concentration of 302 µg/kg (Table 6-7).  The maximum concentration occurs at 
Station SJSB023 at a depth of 8 feet (Figure 6-10).  The majority of the highest concentrations 
are found deeper than 6 feet.   
 
HPAH concentrations in soil deeper than 2 feet range from 18 to 9,270 µg/kg; the average 
concentration is 932 µg/kg (Table 6-7).  The maximum concentration occurs at 
Station SJSB023 at a depth of 8 feet (Figure 6-11), corresponding to the maximum 
concentration of LPAH at depth.  The majority of the highest concentrations are found 
deeper than 8 feet.   
 
Overall, some of the higher concentrations of LPAH and HPAH are in the surface and 
subsurface soils, and not at depth, in contrast to patterns for PCBs and dioxins and furans.  
Exceptions to this occur at Stations SJSB012, SJSB019, and SJSB023, where deeper intervals 
have relatively elevated PAH concentrations.  Even so, in surface and subsurface soils, there 
is substantial variability in LPAH and HPAH concentrations.  Other than the relatively low 
concentrations for both LPAH and HPAH in the 0- to 24-inch intervals at Stations SJSB024 
and SJSB025, spatial patterns at the surface are not evident.  Higher LPAH and HPAH 
concentrations do not appear to correspond with higher TEQDF,M concentrations 
(e.g., Station SJSB023).  
 



 
 
 Area of Investigation South of I-10 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 6-24 090557-01 

6.2.1.4 VOC Concentrations in Soil 

VOC summary statistics for soil samples from Soil Investigation Area 4 and adjacent areas 
sampled at the request of USEPA are provided in Tables 6-8, 6-9, and 6-10.  Aggregate 
variables are used to focus the discussion of nature and extent, with BTEX serving as an 
indicator of light-end petroleum derivatives (Figure 6-12) and chlorinated VOCs providing 
an indicator of solvents and cleaning fluids (Figure 6-13).  Only a handful of VOCs were 
analyzed in the 2011 samples; the 2012 samples (for which the full suite of VOCs was 
analyzed) provide a more comprehensive picture of Soil Investigation Area 4 VOCs. 
 

6.2.1.4.1 Surface Soil 

Surface soil BTEX concentrations in Soil Investigation Area 4 range from 2 to 44 µg/kg and 
average 13 µg/kg (Table 6-8).  The maximum concentration occurred at Station SJSB019.  The 
highest concentrations in surface soil samples correspond with locations clustered in the 
south-central part of Soil Investigation Area 4 (Figure 6-12).  Stations with the lowest BTEX 
concentrations occur at the north and south ends of Soil Investigation Area 4.   
 
Chlorinated VOCs were not detected in most Soil Investigation Area 4 surface soils 
(Figure 6-13).  The maximum concentration, 5.7 µg/kg, occurs at Station SJSB022.  This result 
is an order of magnitude greater than the next-highest concentration (0.48 µg/kg), which was 
found at neighboring Station SJSB023.  The average chlorinated VOC concentration in Soil 
Investigation Area 4 surface soil is 0.68 µg/kg (Table 6-8). 
 

6.2.1.4.2 Subsurface Soil 

BTEX concentrations in Soil Investigation Area 4 and adjacent soils are somewhat higher in 
subsurface soils than in surface soils, with concentrations ranging from 0.86 to 244 µg/kg 
(Table 6-9).  The average concentration is 38 µg/kg.  The maximum concentration occurs at 
Station SJSB012, at the north end of Soil Investigation Area 4.  The next highest 
concentrations correspond with locations in the south-central part of Soil Investigation 
Area 4 (SJSB019 and SJSB021; Figure 6-12).  Stations with the lower BTEX concentrations in 
the subsurface interval occur scattered throughout Soil Investigation Area 4.   
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Chlorinated VOCs were not detected in 59 percent of Soil Investigation Area 4 and adjacent 
subsurface soil samples (Table 6-9).  The average concentration is 1.1 µg/kg.  The maximum 
concentration, 9.1 µg/kg, occurs at Station SJSB021 (Figure 6-13).  The highest chlorinated 
VOC concentrations are found at stations located in the south-central portion of Soil 
Investigation Area 4 (SJSB021, SJSB022, and SJSB023).  At the remaining stations where 
chlorinated VOCs were detected, concentrations are an order of magnitude lower (0.59 µg/kg 
or below). 
 

6.2.1.4.3 Soil Cores  

VOC concentrations in core samples are often more elevated than those in surface and 
subsurface soils.  BTEX concentrations in Soil Investigation Area 4 and adjacent soils deeper 
than 2 feet range from below detection limits to 607 µg/kg, with an average concentration of 
57 µg/kg (Table 6-10).  The maximum concentration occurs at Station SJSB019 (Figure 6-12), 
from 10 to 12 feet bgs.  The highest BTEX concentrations generally occur at depths of 8 feet 
or greater, and are associated with stations spread across Soil Investigation Area 4, north to 
south.  Similarly, samples with the lowest concentrations (which also tend to occur at depths 
of 8 feet or greater) are scattered across the area of investigation on the peninsula south of 
I-10, interspersed with locations of higher concentration.   
 
Chlorinated VOC concentrations in soil deeper than 2 feet range from below detection limits 
to 103 µg/kg; the average concentration is 12 µg/kg (Table 6-10).  The maximum 
concentration occurs 4 feet deep at Station SJSB023 (Figure 6-13).  The remaining highest 
concentrations occur at depths of 8 feet or greater at stations generally clustered in the 
south-central portion of Soil Investigation Area 4.   
 

6.2.1.5 Metals Concentrations in Soil 

The metals cadmium (Figure 6-14), chromium (Figure 6-15), and copper (Figure 6-16) were 
considered a low risk for individual birds by the BERA for the area of investigation on the 
peninsula south of I-10 (Appendix D).  Lead (Figure 6-17) and zinc (Figure 6-18) were 
identified as COCs.  Summary statistics for metals in Soil Investigation Area 4 and adjacent 
soils are provided in Table 6-11.   
 



 
 
 Area of Investigation South of I-10 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 6-26 090557-01 

6.2.1.5.1 Surface Soil 

COC metals and cadmium, chromium, and copper were detected in all Soil Investigation 
Area 4 and adjacent surface soils (Table 6-11).  Generally, cadmium concentrations are below 
the surface soil REV for cadmium except at stations SJSB001 at the northern extent of Soil 
Investigation Area 4, and SJSB021, SJSB022 and SJSB023 to the south of Soil Investigation 
Area 4 (Figure (6-14).  Copper, lead, and zinc exceed their REVs at these and several 
additional locations (Figures 6-16, 6-17, and 6-18).  The average chromium concentration is 
very near the surface soil REV.  Concentrations of cadmium and lead are greater than the 
surface REV in fewer than 30 percent of locations; locations where these metals exceed the 
surface REV tend to be in the far southern end of Soil Investigation Area 4.  Half of the 
sample locations have chromium and zinc concentrations above the REV, while copper 
concentrations are above the surface REV at 82 percent of locations.  REV exceedances for 
these three metals extend across the area of investigation south of I-10, although zinc 
exceedances occur toward the center of the peninsula, while chromium and copper REV 
exceedances are more generally distributed. 
 

6.2.1.5.2 Subsurface Soil 

COC metals and cadmium, chromium, and copper were detected in most Soil Investigation 
Area 4 subsurface soils (Table 6-11).  Generally, cadmium and chromium concentrations are 
at or near their respective surface REVs in subsurface soils; copper, lead, and zinc 
concentrations exceed their respective surface REVs (Table 4-27).  All metals except zinc 
have REV exceedances at fewer than one third of the sample locations.  Zinc concentrations 
exceed the surface soil REV in just under half the sample locations.  For all metals, REV 
exceedances are found across Soil Investigation Area 4; there are no distinct trends in spatial 
distribution. 
 

6.2.1.5.3 Soil Cores  

Cadmium, chromium, copper, lead, and zinc were detected in most Soil Investigation Area 4 
core samples (Table 6-11).  No REVs are available for this depth interval, so general trends 
are summarized (concentrations are compared to surface REVs on related figures).  The 
highest cadmium concentrations are generally found in the north and central portions of Soil 
Investigation Area 4 at depths of 6 feet or greater.  The greatest chromium, copper, and zinc 
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concentrations are located primarily in the north part of Soil Investigation Area 4 at depths 
below 4 feet, although the maximum core copper concentration occurs in the south-central 
portion of Soil Investigation Area 4 (Station SJSB019) at a depth of 4 feet.  The highest lead 
concentrations occur in the north end of Soil Investigation Area 4, typically at depths greater 
than 12 feet.   
 
Overall, spatial patterns in cadmium, chromium, copper, lead, and zinc concentrations, as 
indicated by concentrations that exceed the surface soil REV, are difficult to generalize.  
However, aggregations of soils with metals concentrations that are somewhat to highly 
elevated above their respective surface REVs are observed in some locations, as follows: 

• At Station SJSB005, concentrations of copper, chromium, and zinc are greater than 
surface REVs in the top 2 feet of soil, and concentrations of these metals and lead are 
clustered in three intervals from 10 to 16 feet bgs. 

• Concentrations of cadmium, copper, chromium, lead, and zinc are elevated above their 
respective surface REVs in soils from 0 to 2 feet at Stations SJSB022 and SJSB023.  Surface 
and subsurface soils at several locations near this southern extent of Soil Investigation 
Area 4 also have relatively elevated concentrations of these same metals 
(Stations SJSB021, SJSB024, and SJSB018). 

• At the northern end of Soil Investigation Area 4, concentrations of copper, chromium, 
lead, and zinc (but not cadmium) tend to exceed their surface REVs at multiple soil 
depths. 

• Exceedance of REVs is more common in surface and subsurface intervals than in core 
intervals for all but lead, which exceeds the REV in fewer samples at the surface than the 
other metals. 

 

6.2.2 Groundwater 

USEPA required that an investigation of groundwater be conducted to address uncertainties 
identified by USEPA about the potential for groundwater to transport chemicals in soils in 
the area of investigation on the peninsula south of I-10 to surface water (Anchor QEA and 
Integral 2012a; Miller 2011a, pers. comm.). 
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Monitoring well sampling was conducted in three locations within Soil Investigation Area 4 
to assess shallow groundwater quality above native, undisturbed soil material.  As described 
in Section 3.6., groundwater beneath Soil Investigation Area 4 occurs in one GWBU: 
GWBU-A(s) (alluvial sediments above native, undisturbed soil material).  Monitoring well 
installation and sampling conducted in late April/early May 2012 yielded a total of four 
groundwater samples (including one duplicate from SJMW002), consistent with the 
approved Groundwater SAP and Groundwater SAP Addendum (Anchor QEA and 
Integral 2011a, 2012a).  The depth of monitoring wells installed south of I-10 ranged from 
14.6 feet to 18.2 feet bgs.  In addition, real-time groundwater quality data (i.e., measurements 
of water characteristics such as turbidity, dissolved oxygen, specific conductance, 
temperature, pH and oxidation/reduction potential) were collected during well development 
and sampling activities; results of these measurements are reported in the Groundwater FSR 
for the 2012 sampling event (Anchor QEA and Integral 2012b).   
 
Groundwater samples were analyzed as directed by USEPA (Miller 2011a, pers. comm.).  
USEPA’s selected groundwater analytes are listed in Table 1-5, and include TDS and TSS.  All 
samples were unfiltered and analytical results reflect “total” concentrations.  Metals, 
including mercury, were also analyzed as dissolved concentrations in each groundwater 
water sample, following sample filtration during collection using a 0.45 micron in-line filter.   
 
This section provides a brief overview of the data for conventional analytes (which are 
identified below), the COPCs identified by Integral (2011a), and the other analytes required 
by USEPA for groundwater collected from the area of investigation on the peninsula south of 
I-10.  Analytical results for detected groundwater analytes are presented in Table 6-12.  
Summary statistics for all groundwater analytes are provided in Table 6-13.   
 

6.2.2.1 Conventional Groundwater Quality 

Consistent with the Groundwater SAP and Groundwater SAP Addendum and, in particular, 
USEPA’s Low Stress (low flow) Purging and Sampling Procedure for the Collection of 
Groundwater Samples from Monitoring Wells (USEPA 1996), measurements of turbidity, 
dissolved oxygen, specific conductance, temperature, pH, and oxidation/reduction potential 
in groundwater collected south of I-10 were obtained at regular intervals during the 
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development and sampling process (Anchor QEA and Integral 2012b).  The stabilization of 
these parameters over development intervals was the primary indicator that the well was 
producing water representative of the surrounding formation and sampling could be 
initiated.   
 
Generally, conventional groundwater parameters (turbidity, dissolved oxygen, specific 
conductance, temperature, pH, and oxidation/reduction potential) during well development 
were within a reasonable and anticipated range for slightly brackish to saline natural 
groundwater.  As shown in the FSR for the 2012 groundwater study (Anchor QEA and 
Integral 2012b), water quality parameters stabilized during development and sampling 
consistent with USEPA’s low-flow sampling guidance recommended targets.  GWBU-A(s) 
exhibits elevated TDS concentrations.  There are no known nearby public water supply wells 
completed within this unit.   
 

6.2.2.2 Dioxins and Furans in Groundwater 

Three or more dioxin and furan congeners were detected in all three monitoring wells south 
of I-10.  For those that were detected, the highest concentrations consistently occur in 
SJMW001.  The concentrations of TEQDF,M in all three wells are substantially below the 
GWGWClass3 PCL of 3,000 pg/L for TEQDF,M concentration (Table 6-12).  The TEQDF,M 
concentration in SJMW001 of 47.3 pg/L is close to but greater than the GWGWIng PCL of 
30 pg/L for TEQDF,M.  The average concentration of 2,3,7,8-TCDD in all wells is 17.1 pg/L 
(using the estimated result in SJMW002 of 8.92 pg/L and the detection limit in SJMW003 of 
9.9 pg/L). 
 

6.2.2.3 PCB Concentrations in Groundwater 

Aroclor 1254 and Aroclor 1260 were estimated in the sample from SJMW001 and 
Aroclor 1260 was estimated in the sample from SJMW002; all other Aroclor results are below 
detection limits.  Total PCB concentrations as the sum of Aroclors are well below both the 
GWGWClass3 PCL of 50,000,000 pg/L and the GWGWIng PCL of 500,000 pg/L for total PCBs 
(Table 6-12). 
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6.2.2.4 SVOC Concentrations in Groundwater 

BEHP was estimated in the sample from SJMW003 (Table 6-12) at 0.2 µg/L.  All other SVOC 
results are below detection limits.  The BEHP concentration and the detection limit of 
0.07 µg/L in SJMW001 and SJMW002 are at least 3 orders of magnitude below the GWGWClass3 
PCL of 600 µg/L and an order of magnitude below the GWGWIng PCL of 6 µg/L. 
 
Phenol was estimated in each well at concentrations ranging between 0.08 and 0.24 µg/L, all 
at least 5 orders of magnitude below the GWGWIng PCL of 21,900 µg/L (Table 6-13). 
 
Carbazole was detected at estimated concentrations in two wells (0.0242 µg/L in SJMW002, 
and 0.59 µg/L in SJMW001; Table 6-12).  These concentrations and the detection limit in 
SJMW003 of 0.01 µg/L are 4 orders of magnitude below the GWGWIng PCL of 102.2 µg/L. 
 

6.2.2.5 Metals Concentrations in Groundwater 

Metals were detected in both total and dissolved fractions in each well.  All total metals 
concentrations or detection limits are below applicable GWGWClass3 PCLs.  One metal, arsenic, 
was detected at an estimated total concentration of 0.0105 mg/L and estimated dissolved 
concentration of 0.0094 mg/L, essentially at the GWGWIng PCL of 0.01 mg/L.  All other total 
and dissolved metals detections or detection limits are below respective GWGWIng PCLs. 
 
Seven metals (aluminum, barium, cobalt, magnesium, manganese, vanadium, and zinc) were 
detected in all wells, in both total and dissolved fractions.  Two additional metals, chromium 
and thallium, were detected in all wells in only the total phase, and one additional metal, 
nickel, was detected in all wells in only the dissolved phase.  Cadmium was the only metal 
not detected in either phase in any well (Table 6-13). 
 
Of the 64 metals concentrations reported, 42 were qualified as estimated concentrations.  All 
metals concentrations are below GWGWIng PCLs except for total arsenic in SJMW002, which 
was estimated at the PCL. 
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6.2.2.6 TSS and TDS Concentrations in Groundwater 

Total suspended solids and total dissolved solids were detected in all samples, with TSS 
ranging between 22 and 77.5 mg/L and TDS ranging between 1,520 and 5,040 mg/L.  
SJMW002 exhibits the greatest TSS value while SJMW003 exhibits the greatest TDS value.  
 

6.2.2.7 Non-COPC SVOC and VOC Concentrations in Groundwater 

Samples were analyzed for a total of 120 non-COPC SVOCs/VOCs, as required by USEPA 
(Table 6-13).  Of these, 37 were detected in one or more groundwater samples.  
Concentrations of the detected compounds do not exceed the corresponding GWGWIng PCL, 
nor do detection limits of those not detected (Table 6-13).  Although many VOCs were never 
detected, the highest concentrations of those that were detected occur in SJMW001, at the 
northern end of Soil Investigation Area 4 (Figure 6-19). 
 

6.2.2.8 Patterns and Trends in Groundwater  

A groundwater investigation was conducted on the peninsula south of I-10, within Soil 
Investigation Area 4, as required by USEPA to address uncertainties identified by USEPA 
about the potential for groundwater transport of chemicals in soils to surface water.  As for 
groundwater north of I-10, conventional groundwater quality south of I-10 is comparable to 
that of nonpotable aquifers.  
 
As shown in Table 6-13, all analytes were either not detected (all detection limits were 
below GWGWClass3 PCLs), or, if detected, were found at concentrations below GWGWClass3 PCLs 
(Table 6-12).  Further, the majority of detected chemicals are also present at concentrations 
below applicable GWGWIng PCLs.  Only concentrations of total arsenic in SJMW002 and 
TEQDF,M in SJMW001 are at or above their respective GWGWIng PCLs.  These concentrations 
of arsenic (0.0105 mg/L vs. a GWGWIng PCL of 0.01 mg/L) and TEQDF,M (47.3 pg/L vs. a 
GWGWIng PCL for TEQDF,M of 30 pg/L) are also about 2 orders of magnitude or more below the 
respective GWGWClass3 PCL at that well. 
 
In summary, the activities conducted to characterize groundwater quality south of I-10, and 
to assess the impact, if any, of chemicals in soil to groundwater have shown the following: 
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• Concentrations of paper mill waste-related chemicals in GWBU-A(s) are below threshold 
criteria most applicable to the alluvial groundwater underlying the area of investigation 
on the peninsula south of I-10 (i.e., GWGWClass3 PCLs). 

• TEQDF,M was estimated at 47.3 pg/L, slightly greater than the GWGWIng PCL for TEQDF,M 
and the USEPA MCL for 2,3,7,8-TCDD of 30 pg/L in SJMW001, and 2 orders of 
magnitude below the GWGWClass3 PCL of 3,000 pg/L at that well.   

 
Additional consideration of groundwater as a pathway for receptors or the continued 
assessment of the nature and extent of impacts to groundwater is not warranted. 
 

6.3 Source Evaluation 

Chemical analyses of groundwater and soils indicate that dioxins and furans, VOCs, SVOCs 
(consisting mostly of PAH compounds), metals, and PCBs are present in the subsurface 
environment of the area of investigation on the peninsula south of I-10.  The complicated 
history of industrial activities in this area suggests that paper mill wastes are not the only 
source of these chemicals.  Although available documentation of activities south of I-10 does 
not provide a complete description of historical uses and sources of chemicals, available 
historical documents and descriptive information resulting from the investigation of the 
wastes in the northern impoundments provide useful points of reference to support an initial 
evaluation of chemical sources, including:  

• A clear description of the chemical characteristics of paper mill waste – Samples collected 
from within the impoundments north of I-10 describe a unique dioxin and furan 
fingerprint allowing identification of specific soil and sediment samples affected by paper 
mill wastes and the extent to which paper mill wastes influence the dioxin and furan 
mixture in each sample. 

• Statistical correlations among chemical constituents of soils – Because dioxins and furans 
are the indicators of paper mill wastes, those congeners that are characteristic of the 
dioxin and furan fingerprint of paper mill wastes can be used to evaluate whether other 
chemicals found in soils are associated with the wastes, or with other sources.  

• Historical documentation – Available written records and anecdotal information 
describing historical activities on the peninsula south of I-10, described in Section 6.1, 
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provide some of the details needed to better understand possible or likely sources of 
chemicals that are not associated with paper mill wastes. 

 
This section uses lines of evidence developed from these information sources to describe and 
identify possible sources of chemicals in soils and groundwater in the area of investigation on 
the peninsula south of I-10.   

 
The substantial amount of information on soil chemistry and physical characteristics 
generated by the RI for the peninsula south of I-10 could be evaluated further (e.g., later in 
the RI/FS process or in conjunction with remedial actions).  The purpose of any further 
evaluation would be to investigate and describe chemical sources in greater detail.  Because 
of the compressed schedule between the final data collections and delivery of this RI Report 
to USEPA, not all of the patterns in chemical mixtures could be evaluated for this RI Report.  
However, additional data analyses may be warranted in the future to better illuminate the 
sources and types of wastes present within the area of investigation on the peninsula south 
of I-10. 
 

6.3.1 Evaluation of Chemical Mixtures 

As outlined in the framework for dioxin source analysis presented in Section 5.4.1.2, an 
unmixing analysis was carried out using only the soil samples collected from the area of 
investigation south of I-10.  As for soils north of I-10 and in the sediment environment, 
unmixing was performed using data for the 17 congeners of 2,3,7,8-substituted dioxins and 
furans.  The isolation of data for soils sampled south of I-10 for the purposes of the unmixing 
analysis is appropriate because the conceptual model underlying use of the unmixing method 
indicates that all source types addressed by the unmixing analysis should be comingled and 
mixed within the samples under evaluation.  As illustrated in Figure 5-27, it is uncertain 
whether dioxins and furans in waste present in the area of investigation on the peninsula 
south of I-10 have been released to the sediment environment, and there is currently no 
historical evidence that such mixing has occurred as a result of flooding, subsidence, or 
physical disturbance of the southern impoundment berms.  The absence of such mixing 
would account for the relatively high residuals (i.e., model uncertainty) observed for some 
samples when unmixing was conducted on all baseline soil and sediment samples from 
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within USEPA’s Preliminary Site Perimeter (Section 5.4.1.2).  An unmixing analysis was 
performed using only data for soil samples collected from the area of investigation on the 
peninsula south of I-10 to determine whether a dioxin and furan source type specific to this 
area is supported by the data.  If an additional source type can be identified, unmixing allows 
the composition of any additional source type to be defined and isolated from the other 
source types already identified as being present within USEPA’s Preliminary Site Perimeter. 
 

6.3.1.1 Results of Unmixing Analysis Using Data for Soil South of I-10 

Before conducting the unmixing analysis, the soil chemistry data were prepared by averaging 
field duplicates and laboratory splits, and using one-half the detection limit for those results 
that were below detection limits, consistent with the project DMP.  Using the same approach 
as described in the PSCR (Integral and Anchor QEA 2012a) and in Section 5.4.1.2, it was 
determined that the best-fit model for these data contained three end members, as indicated 
by the lowest value of AICc (Figure 6-20).  The three resulting EMs are presented in 
Figure 6-21 and their composition with respect to the 17 dioxin and furan congeners is 
detailed in Table 6-14.  In this model, EM1 is characterized by a relatively high proportion of 
OCDD, EM2 is characterized by a relatively smaller proportion of OCDD and relatively 
higher proportions of TCDD and TCDF, and EM3 is dominated by OCDF (Table 6-14).  The 
three EMs from the unmixing analysis can be interpreted to represent the fingerprints of the 
most likely sources, or source types, that created the mixed dioxin and furan compositions of 
samples analyzed.  
 
The fingerprints of EM1 and EM2 from the analysis of soils only from the area of 
investigation on the peninsula south of I-10 are strongly similar to the EMs resulting from 
the unmixing analysis of the soil and sediment samples collected from areas within USEPA’s 
Preliminary Site Perimeter other than the southern peninsula (discussed in Section 5; 
Figure 5-29).  In soils from the area of investigation on the peninsula south of I-10, EM3 
appears to indicate a source type specific to the peninsula south of I-10 (Figure 6-21). 
 
As discussed in Section 5, the fingerprint of EM1 is consistent with generalized urban 
background sources of combustion-related dioxins and furans (Figure 5-25).  The profile of 
EM2 matches that of paper mill waste samples collected from within the original 1966 
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perimeter of the impoundments north of I-10.  In contrast, the OCDF-dominated profile of 
EM3 is unique to a subset of samples collected from the area of investigation on the 
peninsula south of I-10 and does not appear to match other soil or sediment samples 
collected from within USEPA’s Preliminary Site Perimeter, nor any known anthropogenic 
source pattern in the USEPA Dioxin Reassessment database (USEPA 2004).  The EM3 pattern 
does occur in other locations, however: a few fingerprints of sediment samples collected in 
the vicinity of Patrick Bayou published in a presentation by Turner and Broach (2011) appear 
to also feature large fractional contributions of OCDF, similar to EM3.  Taken together, these 
findings suggest that EM3 describes the dioxin and furan fingerprint of a type of material 
deposited in the area of investigation on the peninsula south of I-10 from a separate source 
and that this type is distinct from the paper mill waste type.  This dioxin and furan source 
may be wholly unrelated to paper mill waste.  
 

6.3.1.2 Proportions of EM1, EM2, and EM3 in Soils 

The proportion of each end member in each sample for the data from the area of 
investigation south of I-10 is presented in Table 6-15.  This analysis was carried out in a way 
that identifies the optimum combination of the three EMs and their respective mixing 
fractions such that the difference between predicted and actual sample compositions is 
minimized.  The modeled representation of the data (predicted results) does not always 
exactly equal the input data, and this difference is reflected in the value of the “residual.”  
This measurement of residual thus describes the discrepancy between the model results and 
the input data both in terms of absolute magnitude and pattern-matching ability.  
 
Like the results presented in Section 5, it is apparent that many of the soil samples with the 
highest TEQDF,M from the area of investigation south of I-10 (Table 6-15) are characterized by 
a high fraction of EM2 (>80 percent), which is the pattern most similar to the dioxin and 
furan fingerprint of actual paper mill waste samples from the impoundments north of I-10.  
In this dataset, multiple samples with TEQDF,M in the range of 200 to 5,000 ng/kg also have 
significant contributions of EM3 (Table 6-15).  However, at the low end of the TEQ range 
(<250 ng/kg), the correlation between TEQDF,M and EM2 or EM3 contributions breaks down.  
This is illustrated by the results of several samples with TEQDF,M values ranging from 50 to 
250 ng/kg which consist mostly of EM1, with EM2 and EM3 each contributing around 
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10 percent or less (e.g., deep intervals in cores at SJSB004 from 4 to 6 feet, deeper intervals of 
SJSB015, and in the SJSB016 from 14 to 16 feet; Table 6-15). 
 

6.3.1.3 Spatial Distribution of EM1, EM2, and EM3 in Soils 

To evaluate the overall spatial pattern of the unmixing results across the soil samples south of 
I-10, the fractional contribution of each EM to selected samples (from Table 6-15) is 
represented as a pie-chart graphic and plotted on a map using geographical coordinates for 
the actual sample location (Figure 6-22).  Because both surface and subsurface samples are 
available in all locations, the interval with the largest TEQDF,M is shown in Figure 6-22 for 
each location, regardless of depth.  Figure 6-22 illustrates that, using only those samples with 
the highest TEQDF,M concentration within each location, those with the largest contributions 
from EM2 (the paper mill waste type) tend to be located towards the southern half of the 
area of investigation on the peninsula south of I-10, whereas those in the northern half of 
this area tend to be dominated by contributions from EM3, the source type dominated by 
OCDF.   
 
The potential existence of a gradient of influence of dioxins and furans associated with paper 
mill waste can be ascertained by evaluating the spatial pattern of the mass contributions of 
the unmixing end member most similar to paper mill waste materials (EM2).  This analysis 
was accomplished by displaying the fractional contributions of each EM to each sample on a 
map that also displays the TEQDF,M of each sample in the size of each pie chart (Figure 6-23 
for samples with the highest TEQ at each location and Figure 6-24 for surface soil samples).  
The dioxin and furan mixture of surface soil samples is generally consistent with the pattern 
of background deposition of urban dioxin and furan emissions (EM1), has low TEQDF,M as 
illustrated by the small size of the corresponding pie charts in Figure 6-24, and minimal or 
zero contribution from the waste-associated dioxin and furan pattern (EM2) or the third 
pattern encoded by EM3.  
 
The vertical distribution of the unmixing results is presented in Figures 6-25, 6-26, and 6-27.  
The fractional contribution of each end member to each sample (Table 6-15) was color-coded 
in shades of blue for EM1, orange for EM2, and green for EM3.  Several important spatial 
patterns are evident from these figures:  
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• Core intervals with large EM3 contributions are largely localized to the northern portion 
of the area of investigation south of I-10, generally in intervals below 6 feet bgs 
(Figure 6-27).  The OCDF-dominated EM3 fingerprint also contributes a large proportion 
of the dioxins and furans in the lowest intervals of multiple cores throughout the area, 
including SJSB023 and SJSB026 located at the southern end of the area of investigation on 
the peninsula south of I-10, but outside of the impoundment perimeter berms visible on 
the 1964 aerial photograph.  Core intervals with a significant contribution of EM3 are 
almost always at a depth of 6 feet or greater.  The exception is the 4- to 6-foot interval at 
Station SJSB026, which has about 34 percent EM3 (Table 6-15). 

• Core intervals with large fractional contributions of EM2 are more common in the 
southern half of the area of investigation on the peninsula south of I-10, and often occur 
between 4 and 12 feet bgs (Figure 6-26).  Among the soil borings in the north half of this 
area, only the 4- to 8-foot increments at SJSB012 show an appreciable fraction of EM2 
(Table 6-15).  In cases where EM2 in deeper soils contributes a substantial fraction to the 
total dioxin and furan mass (e.g., SJSB021 and SJSB025), the TEQDF,M concentrations are 
towards the lower end of the overall range in soils.  

• Dioxin and furan mixtures in locations outside of the impoundment perimeter berms 
visible in the 1964 aerial photograph (e.g., SJSB013 to the west, and SJSB010 to the 
northeast of the impoundment perimeter berms) may have somewhat elevated TEQDF,M 
concentrations, but the mixture is dominated by EM1, which is most similar to 
background source types.  

• The generalized distribution and ubiquitous presence of significant contributions from 
EM1 to most soil samples throughout the area of investigation on the peninsula south of 
I-10 (Table 6-15 and Figure 6-27) is consistent with a general “urban halo” of dioxins and 
furans in the San Jacinto River system.  In contrast to EM2 and EM3, the lateral and 
vertical distribution of EM1 does not display a structured spatial pattern in soils from the 
area of investigation south of I-10.  This finding is consistent with the interpretation of 
this dioxin and furan profile as attributable to generalized urban background sources. 

 
In two locations towards the southern extent of the area sampled for the soils investigation 
south of I-10, soils dominated by EM3 are present in the same cores as soils dominated by 
EM2: SJSB019 and SJSB023.  In both locations, the samples dominated by EM3 are deeper 
than samples dominated by EM2.  Combined with the observation that EM3 appears in 
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greater proportions in soils towards the northern end of the area of investigation on the 
peninsula south of I-10 than in the southern end, and that EM2, the type characteristic of 
paper mill wastes, is more common in soils towards the southern end of this investigation 
area, this analysis may indicate that the ultimate source of dioxins and furans characterized 
by a mixture like EM3 was deposited at a different time than, and likely before, the paper 
mill wastes were deposited. 
 

6.3.1.4 Conclusions: Unmixing Analysis of Soils in the Area of Investigation 
South of I-10 

Application of unmixing analysis to soils collected from the area of investigation south of 
I-10 indicates that there are three distinctive dioxin and furan source types contributing to 
the presence of dioxins and furans in soils sampled for this RI south of I-10.  Moreover, 
spatial patterns in the lateral and vertical distributions of source types described by EM2 and 
EM3 may suggest important details about the timing of disposal and sources of materials 
present in the area of investigation south of I-10.  Specifically, the dioxin and furan mixture 
towards the southern end of Soil Investigation Area 4 and in shallower soils there is 
consistent with the fingerprint characteristic of paper mill wastes, as indicated by 
fingerprints of samples collected from within the impoundments north of I-10.  In deeper 
soils at the southern and northern ends of the area of investigation on the peninsula south of 
I-10, the dioxin and furan mixture describes a new source type, EM3, which has not been 
observed elsewhere within USEPA’s Preliminary Site Perimeter.  The general spatial 
distribution of EM2 and EM3 in soils suggests that the source characterized by EM3 was 
deposited into or on the peninsula south of I-10 at a point in time prior to disposal of paper 
mill wastes.  Finally, outside the estimated southern impoundment perimeter, the dioxin and 
furan mixtures are generally dominated by EM1, which has a fingerprint consistent with 
general urban background sources.  EM1 predominates in all samples outside of the 
estimated perimeter, except at Station SJSB026, where EM3 plays a significant role in the 
TEQDF,M concentration (Figure 6-23).  This suggests that paper mill wastes are mostly 
confined to the area within the estimated impoundment perimeter.  Although unmixing 
analysis helps differentiate dioxin and furan sources within the soil matrix, many samples 
throughout the subsurface environment of the area of investigation on the peninsula south of 
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I-10 consist of mixtures of EM1, EM2, and EM3, indicating that dioxins and furans from all 
three source types are mixed in the soil environment in many locations. 
 

6.3.2 Statistical Correlations Among Chemicals 

Results of the unmixing analysis indicate that soils with the same dioxin and furan 
fingerprint as in wastes in the impoundments north of I-10 are present in soils from the area 
of this investigation south of I-10.  In both the samples taken in the northern impoundments 
and in some soil samples from south of I-10, TCDD and TCDF dominate the fingerprint 
(Figure 6-21), together making up nearly 80 percent of dioxin and furan congeners in the 
mixture by weight (Table 6-14).  TCDD and TCDF, and particularly the latter, are therefore 
useful as indicators of the paper mill wastes, and can be used to evaluate the sources of 
cadmium, copper, chromium, lead, and zinc in soils.  Both TCDD and TCDF are also present 
in EM3, the third distinctive source type in soils south of I-10, but the most common 
congeners in that mixture are OCDD and OCDF (Table 6-14).   
 
Evaluation of two-way statistical correlations between TCDD and TCDF with cadmium, 
copper, chromium, lead, and zinc in soils as part of the source evaluation is based on the 
premise that, if paper mill wastes are the source of one of these metals, then the 
concentration of the metal will correlate positively with the concentration of TCDD and/or 
TCDF, because they are indicators of paper mill wastes.  This is confirmed by the strong and 
significant (p < 0.05) correlation between concentrations of these two congeners 
(tau-b = 0.88) (Figure 6-28).  Because a chemical can be correlated with dioxins and furans 
for reasons other than a common source, such as hydrophobicity or a tendency to bind with 
organic carbon, a corollary to the stated premise is that the absence of a correlation can be 
interpreted to indicate that paper mill waste is not the source of a given metal.  This 
corollary better informs the question of whether paper mill waste is the source of a given 
chemical.  
 
Bivariate correlations between concentrations of either TCDD or TCDF with each of the 
other chemicals analyzed in soils from the area of investigation on the peninsula south of 
I-10 were evaluated using tau-b, which is a robust correlation statistic regardless of data 
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distribution or degree of censoring in the dataset (Helsel 2005).  All correlations are 
considered significant at α = 0.05.   
 
Generally, there are significant but weak correlations between many chemical pairs, 
highlighting that soils in the area of investigation south of I-10 have undergone a significant 
degree of mixing, and that some soil analytes (i.e., the metals) are natural constituents of 
soils.  For example, aluminum, one of the most common elements in the earth’s crust, is 
weakly but significantly correlated with both TCDD (tau-b = 0.16) and TCDF (tau-b = 0.17).  
Nevertheless, the apparent spatial differentiation between soils with elevated metals from 
those that contain dioxins and furans from paper mill wastes (described in Section 6.2) is 
confirmed by very weak correlations or absence of correlation, between concentrations of 
either TCDD or TCDF in soils and cadmium, chromium, copper, lead, or zinc (Table 6-16). 
 
As shown in Table 6-16, there are significant but weak correlations between TCDD and 
cadmium, chromium, and lead (tau-b ranges from 0.11 to 0.25; e.g., Figure 6-29) in soils 
collected from the area of investigation on the peninsula south of I-10.  TCDD 
concentrations are not correlated with concentrations of copper or of zinc in soils.  
Concentrations of TCDF in soils are significantly but weakly correlated with concentrations 
of cadmium, copper, chromium, lead, and zinc (tau-b ranges from 0.12 to 0.31).  Weak 
bivariate correlations between the congeners that are indicators of paper mill wastes, TCDD 
and TCDF, with these metals suggests that the paper mill waste is not the source of the 
cadmium, copper, chromium, lead, and zinc.  In contrast, all of these metals have fairly 
strong bivariate correlations with each other (tau-b ranges from 0.61 to 0.77).  Among these 
metals, the strongest pairwise correlation in the soils dataset is between copper and zinc.  
These strong correlations suggest that cadmium, copper, chromium, lead, and zinc have a 
common source.   
 
These bivariate statistical correlations between TCDD or TCDF and cadmium, copper, 
chromium, lead, and zinc in soils sampled for this RI south of I-10 are consistent with 
observations in the description of the nature and extent of COPCs (Section 6.2): that 
concentrations of cadmium, copper, chromium, lead, and zinc are most substantially elevated 
above background (represented by the REV) at the soil surface and in the subsurface soils in 
samples different from those in which TEQDF,M concentrations consisting of the mixture 
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characteristic of paper mill wastes are elevated.  Because the concentrations of cadmium, 
copper, chromium, lead, and zinc do not correspond spatially with elevated TEQDF,M 
concentrations and correlate only weakly, if at all, with the congeners characteristic of the 
paper mill wastes, it is concluded that paper mill wastes are not the source of the elevated 
concentrations of cadmium, copper, chromium, lead, and zinc in surface soils.   
 

6.3.3 Historical Industrial Activities South of I-10 

A history of the area south of I-10 is presented in Section 6.1.  Aerial photographs taken 
throughout the period from the 1960s to the present clearly indicate that the peninsula south 
of I-10 has been the site of significant industrial activity over decades.  All of the available 
aerial photographs from 1962 to the present show barges and tugboats surrounding the 
peninsula and docking in several different locations along the shoreline, various levels of soil 
disturbance, vehicular tracking, soil staining, development and removal of structures, and 
alterations of the shoreline.  These activities have occurred continuously since the paper mill 
wastes were disposed there prior to 1966, and particularly intensively in the 1980s.   
 
Available descriptions of the specific historical activities or even the types of activities that 
have occurred south of I-10 are very limited.  The currently available documentation 
(W&M 2011; GW Services 1997), however, provides relevant information on operations by 
Southwest Shipyards on property on the east side of the peninsula south of I-10 and on a 
parcel it leased from 1985 to 1998 along the southwestern shoreline of the peninsula.  These 
operations are reported to have resulted in releases to the environment of wastes that 
contained metals, solvents, and petroleum hydrocarbons, and have subsequently triggered 
three enforcement actions against Southwest Shipyards, one of which was not yet settled as 
of the time Southwest Shipyards submitted an MSD application in 2011 (W&M 2011).  The 
two actions that have been settled resulted from improper handling or disposal of hazardous 
wastes, insufficient documentation of hazardous waste disposal, and various failures to 
control wastes generated by the shipyard’s operations.  Additional detail regarding 
environmental releases and associated response actions in connection with Southwest 
Shipyards is presented in Section 6.1.4.2. 
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Finally, the southern extent of Soil Investigation Area 4 is reported to be leased to Kirby 
Marine, another marine services company with operations on a property at the southern tip 
of the peninsula. Information describing the boundaries of the leased area or Kirby Marine’s 
use of and activities on the leased property was not obtained for this RI Report. 
 

6.3.4 Synthesis of Chemical Source Information 

Several lines of evidence indicate that paper mill wastes are not the only source of chemicals 
detected in soils from the area of investigation south of I-10; that paper mill wastes may not 
be the only source of dioxins and furans in soils from this area; and that paper mill wastes are 
not the primary source of cadmium, copper, chromium, lead, and zinc in surface soils.  The 
unmixing analysis, aerial photograph and documentation history, and statistical correlation 
analysis provide important insights into the timing of disposal and sources of materials 
present in the area of the investigation on the peninsula south of I-10.  The following is a 
summary of the key observations resulting from the analyses presented above, with 
additional context supported in Sections 6.1 and 6.2:  

• There are three distinctive dioxin and furan source types contributing to the dioxins and 
furans in soils south of I-10.  One of the source types (EM2) is a mixture that is 
characteristic of the paper mill wastes as observed in samples from the impoundments 
north of I-10.  The other (EM3) does not resemble the wastes from the northern 
impoundment, nor does it resemble a typical urban background source, which is 
described by EM1.  The provenance of the dioxin and furan mixture described by EM3 is 
unknown.  

• Spatial patterns in the lateral and vertical distributions of EM2 and EM3 suggest that the 
source characterized by EM3 was deposited in the area of investigation south of I-10 at a 
point in time prior to disposal of paper mill wastes.   

• Outside the estimated southern impoundment perimeter, i.e., in samples from adjacent 
areas west and south of Soil Investigation Area 4, the dioxin and furan mixtures are 
generally dominated by EM1, which has a fingerprint consistent with general urban 
background sources.  EM1 is dominant in dioxin and furan mixtures in all samples 
outside of the impoundment berms visible in the 1964 aerial photograph (Figure 6-25), 
except at Station SJSB026, where EM3 plays a significant role in the TEQDF,M 
concentration (Figure 6-23).  These patterns suggest that paper mill wastes are mostly 
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confined to the area within the impoundment berms visible in the 1964 aerial 
photograph.   

• Many samples throughout the subsurface environment of the area of investigation south 
of I-10 consist of mixtures of EM1, EM2, and EM3, indicating that dioxins and furans 
from all three source types are mixed in the soil environment in many locations. 

• GW Services (1997) clearly indicates that paper mill wastes are not the only source of 
chemicals found in soils from the area of investigation on the peninsula south of I-10.  
Ship cleaning and painting activities that are described by GW Services (1997) resulted in 
impacts to soil in specific locations (along the western shoreline of the southern 
peninsula).  It is unknown whether those impacts have been remediated, and the extent 
to which they could have contributed to chemicals in soil elsewhere in the area of 
investigation on the peninsula south of I-10.  Southwest Shipyards’ activities were 
identified as producing rust and paint chips, mixtures of solvents, cleaning solutions, 
PAH compounds, and metals including lead and chromium (W&M 2011).  Based on 
available information, it cannot be determined whether Southwest Shipyards or others 
may have used any part of the area west of Market Street and within USEPA’s estimated 
southern impoundment perimeter for waste disposal.   

• Concentrations of TCDD correlate with concentrations of TCDF in soils, consistent with 
a common source that is described by EM2.  In contrast, these congeners are not well-
correlated with any of the metals potentially of concern to terrestrial birds.  Cadmium, 
copper, chromium, lead, and zinc tend to correlate with each other (Table 6-16), 
suggesting that they have a common source, but do not correlate strongly with TCDD 
and TCDF.  These patterns indicate that the metals in surface soils, which are associated 
with risks to individual terrestrial birds (or to populations of birds for lead and zinc), are 
derived from a source other than paper mill wastes.  
 

The peninsula south of I-10 has been a dynamic industrial environment since the early 
1970s, and barge maintenance and the various marine services occurring on nearby 
properties generate waste containing metals and VOCs.  Specific information or 
documentation to quantify and describe the importance of possible other sources of the 
chemicals in soils has not been obtained.  However, the available evidence suggests that the 
northern end of the area of investigation on the peninsula south of I-10 has a significantly 
different history, and different sources of chemicals, than the southern end.  Observations 
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suggesting that the northern part of this investigation area has had a significantly different 
history and sources than the southern end include: 

• Dominance of EM3 in the dioxin and furan mixtures to the north 
• Numerous VOCs detected in SJMW01 and their concentrations relative to VOCs in the 

other wells (Figure 6-19) 
• Relatively elevated concentrations of cadmium, copper, chromium, lead, and zinc at 

depth in soils at the northern end of the area of investigation on the peninsula south of 
I-10 (Figures 6-14 through 6-18)  

• Physical evidence of debris in soil cores to the north, including paint chips in the soil 
core collected from Station SJSB001 at 8 feet deep, and the presence of a distinctive fill 
type observable in soil stratigraphy, as described in Section 3.5.2 

• An area of soil staining or disturbance visible in the 1962 aerial photograph at the 
northern end of the area of investigation south of I-10 (Figure 6-2), a time frame that 
preceded evidence on aerial photographs from 1964 of construction of berms in the area 
south of I-10. 

 
This information, taken together, suggests that the cadmium, copper, chromium, lead, and 
zinc in surface soils are derived from a source other than paper mill wastes and may be 
associated with shipyard activities on the peninsula.  It also suggests that soils in the northern 
half of the area of investigation south of I-10 show very little influence from paper mill 
wastes.  Although paper mill wastes are a source of dioxins and furans in some soils, another 
dioxin and furan source type (besides urban background) is reflected in the chemical 
mixtures, but its specific origin is unknown. 
 

6.4 Summary of Risk Assessments 

Assessment of baseline human health risks associated with the area of investigation south of 
I-10 is presented in the BHHRA (Integral 2013).  A BERA addressing the area of 
investigation south of I-10 is presented in Appendix D to this RI Report.  Both risk 
assessments are based entirely on concentrations of chemicals in soils.  Ingestion of 
groundwater is not considered a complete pathway for people or ecological receptors, and 
hypothetical exposure scenarios involving the aquatic environment are addressed by the risk 
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assessment for the area north of I-10 and the aquatic environment.  This section provides a 
summary of each of these two risk assessments for the area of investigation south of I-10.   
 

6.4.1 Summary of the Baseline Human Health Risk Assessment for the Area 
of Investigation South of I-10 

USEPA (1989) describes a human health risk assessment as a quantitative evaluation of the 
risk posed to human health by the actual or potential presence of chemicals in the 
environment.  A risk assessment provides a conservative estimate of the likelihood of 
potential health effects in a specific population that conforms to stated exposure assumptions.  
The results of the risk assessment are intended to help site managers determine when 
remedial action is needed, determine health‐protective levels of chemicals that may remain 
onsite, provide a basis for comparing the health impacts of remedial alternatives, and provide 
a consistent process for documenting risks (USEPA 1989). 
 
The BHHRA for the area of investigation south of I-10 provides an evaluation of risks 
associated with these COPCHs for three receptor groups: hypothetical trespassers, 
hypothetical commercial workers, and hypothetical future construction workers.  The 
exposure medium evaluated was soils throughout the area on the peninsula south of I-10 and 
to the west of Market Street (Figure 2-11).  For each hypothetical receptor group, the 
BHHRA evaluated the potential for exposures via direct contact with soil (i.e., ingestion and 
dermal contact) and the potential that adverse health effects could occur as the result of 
those assumed exposures.   
 
Prior to conducting the exposure evaluation for the area of investigation south of I-10, a 
screening was completed to identify COPCHs to be carried forward in the exposure and risk 
evaluation.  For the COPCH screening, concentrations of chemicals were evaluated using 
conservative screening criteria from USEPA (2012h) and TCEQ (2011b).  To perform the 
screen, the maximum concentration of each chemical in individual soil samples from defined 
depth intervals (i.e., 0 to 6 inches for hypothetical trespassers, 0 to 12 inches for hypothetical 
commercial workers, and 0 to 10 feet for hypothetical future construction workers) was 
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compared to its respective screening value.  If the maximum was greater than the screening 
value, the chemical was considered a COPCH, and evaluated as such. 20,21   
 
For hypothetical trespassers and hypothetical commercial workers, the entire area of 
investigation south of I-10 was evaluated as a single exposure unit.  This was based on the 
assumption that individuals trespassing or working in this area could have direct contact 
with soils in all of the sample collection areas during their visit.  For the hypothetical future 
construction worker, who is anticipated to be exposed to soil in a smaller confined area, a 
screening was completed to focus the risk assessment to those 0.5-acre exposure units that 
may have the potential to present unacceptable exposures and risk to this receptor group on 
the basis of screening results (Figure 6-30).   
 
For both the hypothetical trespasser and commercial worker scenarios, all cumulative risks 
are below the upper end of USEPA’s acceptable risk range; that is, all estimated risks are 
below 1x10-4 for cancer and below 1 for noncancer and dioxin cancer hazards.  For 
hypothetical future construction workers, three scenarios evaluated resulted in noncancer 
and dioxin cancer hazard indices greater than 1.  These scenarios included assumptions of 
direct contact exposure via incidental ingestion and dermal contact to soils at exposure areas 
DS-1, DS-2, and DS-4 (Figure 6-30).  For all three scenarios with noncancer and dioxin 
cancer hazard indices greater than 1, over 99 percent of the risk is attributable to assumed 
exposure to TEQDF,M.  In response to USEPA’s requirement in comment 1 on the draft of the 
BHHRA (Integral 2012e), cancer risks due to dioxins and furans using the CSF approach were 
also calculated; results are presented in the uncertainty discussion of the BHHRA.   
 
Results for all scenarios are summarized in Table 6-17.  The parameters used for evaluating 
these exposures and predicting risk relied on multiple conservative assumptions, which 

                                                 
20 Lead was detected at a concentration that exceeded the selected screening criteria in a single sample.  Lead, 
however, was not selected as a COPCH.  An evaluation of lead is presented in Appendix C of the BHHRA 
(Integral 2013).  
21 The screening for hypothetical construction workers was completed in two stages.  First the maximum 
concentration of all samples from 0 to 10 feet deep was compared to the screening level.  For any analyte that 
exceeded the screening level, the maximum depth-weighted average of all core locations was compared to the 
screening level.  Any analyte whose maximum from both stages of the screen exceeded the screening level was 
defined as a COPCH. 
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improve the likelihood that potential exposures and risks are not underestimated.  In 
combination, these multiple conservative assumptions tend to overestimate any actual risks.  
A full description of the risk evaluation, assumptions, uncertainties, and data evaluated is 
provided in the BHHRA (Integral 2013). 
 

6.4.2 Summary of the Baseline Ecological Risk Assessment 

A BERA for soils in the area of investigation south of I-10 was conducted using all of the soils 
data collected during the 2011 and 2012 sampling events (Appendix D).  Although a 
screening evaluation has been presented previously (Integral 2012c, Appendix B), the 
development of additional data in 2012 necessitated repeating the soil screening for 
ecological receptors using the full soils dataset.  The following receptors are addressed: 

• Common garter snake (Thamnophis sirtalis) 
• Killdeer (Charadrius vociferous) 
• Baird’s pocket gopher (Geomys breviceps) 
• Virginia opossum (Didelphis virginiana). 
 
Because only terrestrial species are addressed, screening was conducted for soils only.  Soil 
screening for the terrestrial bird (killdeer) and the terrestrial omnivorous mammal (Virginia 
opossum) was based on soils from 0 to 6 inches deep, and screening for the burrowing 
herbivorous mammal (Baird’s pocket gopher) was based on soils from 0 to 24 inches deep.  
Screening specifically for the garter snake could not be undertaken because of a paucity of 
toxicological data for reptiles (Section 5.5.2.5.5) and consequent lack of reptile-specific 
screening values. 
 
Screening approaches were consistent with those used in the initial screening evaluation in 
Appendix B of the RI/FS Work Plan (Anchor QEA and Integral 2010a), with additional 
considerations for VOCs:  

• Chemicals detected in 5 percent or less of soil samples within the relevant soil depth 
interval were not considered COIs for the southern impoundment area.  The screening 
based on detection frequency was conducted separately for the 0- to 6-inch and 0- to 
24-inch intervals.  
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• COIs for the soils in the area of investigation south of I-10 whose maximum was below a 
USEPA ecological soil screening level for birds or mammals, or below a Texas median or 
site-specific median background value were not considered further.   

• COIs that are not bioaccumulative (TCEQ 2009) were not considered further, unless they 
were VOCs.  VOCs had not previously been addressed, so a VOC-specific screening 
approach was applied (Appendix D, Attachment D2). 

• Application of the VOC-specific screen to assess potential risk to the burrowing mammal 
in the upper 24 inches of soils in the area of investigation south of I-10 indicated that 
VOC concentrations were below levels of concern to small mammals.  

 
The details of the screening process are described in Appendix D.  Resulting COPCEs for the 
area of investigation south of I-10 are presented in Table 1-2, and were the same for the 
burrowing mammals (exposure to soils 0 to 24 inches deep) as for the killdeer, garter snake, 
and Virginia opossum (exposure to soils 0 to 6 inches deep).  
 
The approach to evaluation of ecological risks is similar to the approach presented in 
Section 5.5.2.  Exposure assessment was conducted as described in Section 5.5.2.2 for reptiles, 
birds, and mammals.  Concentrations of TEQDF,B in bird eggs were not estimated because 
empirical data to describe concentrations of dioxins and furans in foods of bird were not 
available.  This is consistent with the approach by Integral (2012c).  TRVs for the BERA for 
the area of investigation south of I-10 are the same as those used by Integral (2012c), except 
an additional TRV was needed for HPAHs.  Risk characterization was addressed as it was for 
the area north of I-10 and aquatic environment. 
 
This section synthesizes the results of the risk characterization and uncertainty analysis to 
provide an overall conclusion about the ecological risks for the area of investigation south 
of I-10. 
 

6.4.2.1 Characterization of Risks to Terrestrial Birds  

Under baseline conditions, exposure of killdeer to mercury, dioxins and furans, BEHP, 
HPAH, and PCBs in soils in the area of investigation south of I-10 does not result in risks to 
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the assessment endpoint of stable or increasing populations.  These COPCEs present no risk to 
populations of terrestrial birds represented by killdeer.   
 
Baseline risks to individual birds exposed to cadmium, chromium, copper, lead, and zinc in 
soils in the area of investigation south of I-10 may be present, particularly for lead and zinc.  
On the basis of average exposures, the baseline risks to terrestrial bird populations resulting 
from exposure to cadmium, chromium, and copper are negligible.  For these three metals, 
estimated exposures exceed the LOAELs only when the upper-bound estimates of the soil 
concentrations are considered.  The probability that exposure will exceed the respective 
avian LOAEL is 9.7 percent for cadmium, 21 percent for chromium, and 35 percent for 
copper.  Due to uncertainties associated with the conservatism of the TRVs and the methods 
and models used for exposure assessment, overall risks to individual terrestrial bird 
populations associated with these metals are considered low.  Baseline risks to the assessment 
endpoint of stable or increasing populations are considered very low to negligible, primarily 
because of conservatism in the exposure and toxicity estimates, but also because of the 
relatively low probabilities that exposures will exceed LOAELs, especially for cadmium and 
chromium. 
 
Baseline risks to terrestrial birds associated with exposures to lead and zinc in soils in the 
area of investigation south of I-10 are present for individuals, and may be present for the 
assessment endpoint.  The probability that exposure to these metals will exceed the 
respective LOAEL is 86 percent for lead and 66 percent for zinc.  Background exposures to 
these metals are approximately 25 percent of exposures in the exposure unit south of I-10.   
 
Uncertainty associated with the exposure and toxicity information is considerable, and 
should be addressed by risk managers when evaluating remedial alternatives.  Nevertheless, 
terrestrial bird HQs greater than 1 were calculated for several metals, suggesting that risks to 
individual birds are present and population-level risks may also be present.  
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6.4.2.2 Characterization of Risks to Mammals 

Under baseline conditions, exposure to COPCEs in soils in the area of investigation south of 
I-10 does not result in risks to the pocket gopher or opossum, or to other mammals 
represented by these receptors.  
 

6.4.2.3 Characterization of Risks to Reptiles 

Information on the toxicity of COPCEs to reptiles is insufficient, as is information about 
dermal exposures to lipophilic compounds and associated effects on reptiles.  This lack of 
information precluded a quantitative assessment of risks to the assessment endpoint of stable 
or increasing populations of reptiles using the area of investigation south of I-10.  For a 
qualitative assessment, estimated reptile exposure as ingested doses by the common garter 
snake were compared with those for bird and mammal receptors.  For COPCEs under 
baseline conditions, the comparison indicates relatively lower potential for oral exposures of 
reptiles than of birds and mammals.  For this reason and because risks to COPCEs are low to 
negligible for birds and mammals, baseline risks to reptiles using the area of investigation 
south of I-10 are also considered to be low to negligible.  
 

6.4.2.4 Ecological Risk Assessment Conclusions 

There are no risks to burrowing mammals from the presence of VOCs in soils in the area of 
investigation south of I-10 because potential concentrations in the air of burrows do not 
reach levels that are toxic to mammals.  There are no ecological risks associated with 
exposures to SVOCs: many were never detected, most are not bioaccumulative, and 
concentrations of the most common SVOCs (LPAH and HPAH) in soils in the area of 
investigation south of I-10are either below screening values or below levels associated with 
impediment to the survival, growth, and reproduction in terrestrial birds and mammals.  
There is no risk to populations of birds, mammals, and reptiles resulting from the presence of 
most metals, BEHP, HPAHs, PCBs, and dioxins and furans under baseline conditions.  For 
the terrestrial bird, baseline risks are low to negligible for cadmium, chromium, and copper.  
Baseline risks to individual terrestrial invertivorous birds represented by the killdeer from 
exposure to lead and zinc are present, and risks to terrestrial bird populations from exposures 
to lead and zinc may also be present.  Habitat conditions in Soil Investigation Area 4 are 
generally poor, and there is significant human activity in the area daily.  Human activities 
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may include both the industrial activities described previously; mowing and vehicle 
movement throughout this area may also occur.  Such activities could serve to deter wildlife 
from using areas with the highest soil concentrations.  Risk management approaches should 
consider the uncertainties associated with exposure estimates and the potential for toxicity 
under field conditions relative to toxicity measured in the laboratory, as well as the limited 
and low quality habitat and ongoing human activity that could reduce the intensity of 
wildlife usage of Soil Investigation Area 4.  
 

6.5 Chemical Fate and Transport  

Potential transport pathways for chemicals in soil and groundwater for the area of 
investigation on the peninsula south of I-10 include erosion of surface soils and transport via 
runoff to the aquatic environment, and groundwater transport. 
 

6.5.1 Surface Transport  

During storms, surface soils may be subject to erosion and transport via runoff to the aquatic 
environment of the San Jacinto River.  Section 3.1.2 describes the surface runoff transport 
pathways on the peninsula south of I-10 (Figure 3-3).  Three surface flow pathways are 
discernible from Soil Investigation Area 4 to the Old River (Figure 3-3).  The termini of these 
surface flow paths coincide with the locations of the four sediment samples collected in 2012.  
As discussed in Sections 1.5.2 and 5.2 of this RI Report, COCs for the aquatic environment 
are dioxins and furans, total PCBs, and mercury.  This discussion builds on Section 3.1.2 to 
address the potential role of surface water transport from soils south of I-10 in translocation 
of these COCs to the adjacent aquatic environment of the Old River, and in contributing to 
these COCs in sediments. 
 

6.5.1.1 Dioxins and Furans 

TEQDF,M concentrations in sediment samples collected in 2010 from 0 to 6 inches at Stations 
SJNE016, SJNE018 and SJNE019 (west of Soil Investigation Area 4) are all below the REV for 
sediments (Figures 5-4a,b,c).  The overall dioxin and furan mixture also has little to no 
contribution from paper mill wastes (Table 5-23), with the contribution from EM2 (paper 
mill waste source type) ranging from 3.1 to 8.1 percent in these three 2010 samples.   
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Surface sediment samples collected in 2012 (SJSD001 through SJSD004) were closer to the 
peninsula; Stations SJSD001, SJSD003, and SJSD004 were directly adjacent to the termini of 
surface water flow paths described in Figure 3-3.  TEQDF,M concentrations in these surface 
sediment samples (0 to 6 inches) ranged from 4.47 ng/kg (at Station SJSD002) to 19.2 ng/kg at 
Station SJSD001, the northernmost location, with some of these exceeding the REV.  
Subsurface TEQDF,M concentrations spanned a similar range, from 2.61 to 21.0 ng/kg, across 
the four samples.  The surface and subsurface TEQDF,M concentration maxima do not 
correspond spatially.   
 
The maximum contribution of EM2 (paper mill waste source type) in the 2012 samples is 
3.8 percent in the surface interval of SJSD004 (Table 5-23).  The low values for unmixing 
residuals for these samples (maximum is 0.3 percent) indicate that EM3 is not present.   
 
The relatively high silt and clay content in these 2012 samples may partially explain the 
exceedance of the REV for TEQDF,M.  For example, at SJSD001, at which the TEQDF,M was the 
highest of these four surface samples, the grain size distribution consists of about 52 percent 
silt plus clay.  Therefore, surface water flow pathways from the upland of the peninsula 
south of I-10 towards the Old River do not contribute to any potential release of paper mill 
waste-related dioxins and furans to sediment.  
 

6.5.1.2 PCBs 

The spatial distribution of concentrations of PCBs as TEQP,M in surface and subsurface 
sediments of the Old River is illustrated in Figures 5-6a,b,c and 5-7, respectively.  At 
SJSD004, the surface sediment concentration of TEQP,M (6.85 ng/kg) is higher than the 
corresponding REV for this parameter, and higher than that for any other surface sediment 
sample outside of the 1966 perimeter of the impoundments north of I-10.  The sample 
location is also directly adjacent to the terminus of the surface flow path that runs along the 
southern border of the Glendale Boat Works property, and adjacent to the location used from 
1985 through 1998 by Southwest Shipyards for sandblasting and barge cleaning.  The next 
highest TEQP,M concentration in the four 2012 sediment samples from the Old River is nearly 
one-tenth of this concentration, at 0.791 ng/kg (Figure 5-7).  Although this concentration is 
greater than the corresponding REV, it is generally comparable to TEQP,M concentrations in 
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surface sediments elsewhere within USEPA’s Preliminary Site Perimeter, outside the 
perimeter of the impoundments north of I-10 (Figure 5-7).  Because there is no indication 
that paper mill wastes are associated with the COC in this sample (Table 5-23), this elevated 
TEQP,M concentration is interpreted to indicate a different local source. 
 

6.5.1.3 Mercury 

Mercury concentrations in sediment of the Old River are not greater than the REV 
(Figures 5-8a,b,c and 5-9), except in the 12- to 24-inch interval from Station SJSD002 
(0.27 mg/kg; the REV is 0.10 mg/kg).  The relatively low mercury concentrations suggest that 
there is no recent effect of surface water runoff on mercury concentrations in sediments of 
the Old River.  
 
On the basis of this qualitative evaluation and using evidence developed in the unmixing 
analysis for the aquatic environment (Section 5.4), surface transport of paper mill waste-
related COCs from soils on the peninsula south of I-10 does not appear to contribute to the 
aquatic environment.  Although TEQP,M is relatively elevated in one surface sediment sample 
from one location, the location of the elevated TEQP,M concentration does not correspond to 
a sample with a substantial fraction of paper mill waste-derived dioxins and furans, and the 
PCBs are likely from a source directly adjacent to the sample.   
 

6.5.2 Subsurface Transport  

In shallow alluvial groundwater samples collected from the area of investigation south of 
I-10, exceedances of drinking water quality standards were very limited.  Arsenic (unfiltered) 
was detected at a maximum concentration of 0.105 mg/L, essentially equal to the GWGWIng 
PCL of 0.010 mg/L.  The maximum TEQDF,M was present at a concentration of 47.3 pg/L, less 
than twice the GWGWIng PCL.  No other chemicals analyzed in groundwater exceeded a 
drinking water PCL in any sample.  Due to the very low solubility and mobility of dioxins 
and furans in groundwater, as discussed in Section 5.7.2, their presence in groundwater is 
expected to remain localized to areas of coexistent dioxins and furans in soils.  Further, there 
are no water supply wells completed in the shallow groundwater zone downgradient of the 
monitoring wells in the area of investigation south of I-10.  Water supply wells in the 
general vicinity of USEPA’s Preliminary Site Perimeter are completed in the Chicot Aquifer 
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(Section 3.6.2).  The Beaumont Formation in this region is a confining unit that isolates 
shallow groundwater in the Holocene alluvium and in the San Jacinto River sediments from 
the underlying formations of the Chicot Aquifer.  For these reasons, there is no realistic 
pathway for dioxin and furans detected in shallow groundwater south of I-10 (GWBU-A(s)) 
to migrate to groundwater wells used for water supply located outside of USEPA’s 
Preliminary Site Perimeter.   
 
Shallow alluvial groundwater in the area of investigation south of I-10 flows generally 
northwesterly and is thought to discharge to surface water in the Old River (Figure 3-18).  
Among the broad suite of VOCs, SVOCs, dioxins and furans, PCBs, and metals analyzed in 
groundwater samples from south of I-10, exceedances of Texas surface water quality criteria 
for salt water were very limited: dissolved lead in one groundwater sample was detected at a 
concentration 1.3 times the saltwater chronic aquatic criterion (Table 6-12), and total PCBs 
(as sum of Aroclors) was detected in one groundwater sample at a concentration 4 times the 
chronic saltwater criterion of 0.03 μg/L (Table 6-12).  Total PCBs in a groundwater sample 
with no Aroclors detected was at estimated at 0.04 (U) μg/L, slightly above the saltwater 
criterion.  Although lead exists in many compounds with various degrees of aqueous 
solubility, lead in environmental systems typically binds strongly to soil or sediments and is 
generally considered to be immobile in soil and groundwater (ATSDR 2007).  As with 
dioxins and furans (Section 5.7.2), PCBs are lipophilic, resistant to degradation, characterized 
by a strong propensity sorb to organic carbon, and have extremely low water solubility.  
These factors indicate a strong affinity for sediments, particularly sediments with high 
organic content.  Because of their hydrophobic character, PCBs are not expected to migrate 
significantly in groundwater.  Therefore, dissolved-phase groundwater transport is not 
expected to be a transport pathway for migration of either PCBs or lead to the aquatic 
environment.   
 

6.5.3 Summary and Conclusions of Chemical Fate and Transport Evaluation 

Available information was used to evaluate the potential for chemical transport from the soil 
environment south of I-10 to the adjacent aquatic environment of the Old River.  Integration 
and synthesis of available data for the topography of the area of investigation on the 
peninsula south of I-10, the results of sediment sampling, the results of the unmixing analysis 



 
 
 Area of Investigation South of I-10 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 6-55 090557-01 

inclusive of sediments, the groundwater evaluation, and the properties of the chemicals 
analyzed in abiotic media of the area of investigation on the peninsula south of I-10 are 
sufficient to address the fate and transport of soil COPCs within this investigation area.  
There is no evidence that surface water transport of COCs derived from paper mill wastes to 
the aquatic environment is occurring or has occurred.  Local surficial sources of PCBs may 
have an effect on surface sediment quality in a small area.  Such surficial sources are not 
associated with paper mill wastes, because the effect of paper mill wastes on the surface soil 
condition is very limited (Table 6-15).  Mechanisms of release and transport pathways in the 
subsurface soil environment are also not evident.  The subsurface conditions of the area of 
investigation on the peninsula south of I-10 would not be expected to impact the sediment or 
surface water environment because chemicals in groundwater are generally below applicable 
marine surface water standards, and those that are on the margin of these standards (total 
PCBs) are not mobilized in typical groundwater systems.  Those chemicals associated with 
paper mill wastes in the area of investigation south of I-10, and other aquatic COCs measured 
in soils for this investigation, are not being mobilized into the aquatic environment.  
 

6.6 Refined Conceptual Site Model 

Since the approval of the PSCR (Integral and Anchor 2012a), additional information has been 
obtained about the history of the peninsula south of I-10 and nearby land uses.  Additional 
chemistry data for soil and groundwater have been analyzed, along with a review of 
historical documentation, aerial photographs, and some anecdotal information about the 
history of the peninsula south of I-10.  A refined CSM for the impoundment south of I-10 
resulting from the new data and a synthesis of the data and information in previous sections 
is described in this section, and summarized in Figure 5-45.  The development of the original 
CSM for the southern impoundment and subsequent refinements can be found in Soil SAP 
Addendum 1 (Integral 2011d) and in the PSCR (Integral and Anchor QEA 2102a), 
respectively.  This text builds from those earlier discussions.  Presentation of the CSM for the 
area north of I-10 and aquatic environment (Section 5.7) includes some information relevant 
to the CSM for the southern impoundment area: a discussion of the distinctions between 
these two parts of the area within USEPA’s Preliminary Site Perimeter (Section 5.7.1), and 
the properties and behavior of dioxins and furans in the environment (Section 5.7.2).  The 
information in these earlier sections is not repeated, but incorporated by reference.  As a 
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reflection of the complete RI for the area of investigation on the peninsula south of I-10, this 
discussion provides a summary description of the sources of chemicals, the physical-chemical 
processes that control chemical transport and fate and exposure pathways, and the 
contemporary conditions and baseline risks in the area of investigation on the peninsula 
south of I-10. 
 

6.6.1 Sources of Chemicals in Soils in the Area of Investigation on the 
Peninsula South of I-10 

Dioxins and furans, PCBs, SVOCs, VOCs, and metals have been detected in soils collected 
from the area investigation south of I-10.  Sources of these chemicals are generally described 
by the CSM.  
 

6.6.1.1 Dioxins and Furans 

Paper mill wastes are thought to have been deposited in an impoundment south of I-10 
beginning in 1965, the year after the 1964 berms are first visible in aerial photographs of the 
peninsula south of I-10, and ending by no later than 1966, when the TDH (1966) described 
the southern impoundment as part of an inspection report.  These paper mill wastes and 
those deposited in the impoundments north of I-10 are from a common source, and have 
well-defined chemical characteristics.  Paper mill wastes identified in the area of 
investigation on the peninsula south of I-10 are characterized by high concentrations of 
dioxins and furans.  Moreover, the dioxin and furan fingerprint of paper mill wastes from the 
northern impoundment is characterized by large fractions, by mass, of TCDD and TCDF 
(Figure 6-21).  TCDD is the most toxic congener to vertebrates, and soil affected by paper 
mill wastes tends to also be characterized by high concentrations of TEQDF,M relative to 
surrounding soils, and relative to TEQDF,M concentrations in background soils.  The 
distinctive fingerprint of dioxins and furans in the paper mill wastes disposed of in the 
impoundments provides a means to distinguish paper mill waste-related dioxins and furans 
from those contributed by other source types. 
 
Unmixing analysis, an NMF modeling method, has been performed on soils and sediments 
collected from within USEPA’s Preliminary Site Perimeter.  In soils north of I-10 and the 
aquatic environment, two distinctive dioxin and furan source types can be identified using 



 
 
 Area of Investigation South of I-10 

Remedial Investigation Report  May 2013 
San Jacinto River Waste Pits Superfund Site 6-57 090557-01 

unmixing, one of which (EM2) reflects a paper mill waste-type dioxin and furan mixture.  
The other (EM1) is interpreted to reflect background sources of dioxins and furans common 
in urban environments.  Dioxin and furan mixtures in urban areas are often characterized by 
a large proportion of OCDD, and smaller amounts of other congeners.  This mixture is the 
outcome of myriad combustion processes that occur in urban environments, including 
burning of fuels, wastes, and even backyard barbeques.  An unmixing analysis using data 
only for soils sampled for this RI from the peninsula south of I-10 was also conducted.  
Isolating the soils data for the area of investigation on the peninsula south of I-10 for this 
analysis was appropriate because there is no physical or historical evidence that these soils 
have been intermixed with the aquatic environment (Figure 5-27).  The presence in soils 
from the area of investigation on the peninsula south of I-10 of two end members very 
similar to the two that characterize the dioxin and furan mixtures in the northern 
impoundments and sediments indicates that paper mill wastes from a common source are 
present in the area of investigation on the peninsula south of I-10.  The presence of a third 
EM  (EM3) in soils from the area of investigation on the peninsula south of I-10 indicates 
that an additional dioxin and furan source type contributes to the total dioxin and furan 
concentrations in soils from this area.   
 
Therefore, there are three distinctive dioxin and furan source types in the soils from the area 
of investigation south of I-10.  There is no indication that the type that is unique to the soils 
of the area of investigation south of I-10 (i.e., the source type described by EM3) has 
migrated to the aquatic environment and affected sediments. 
 

6.6.1.2 Sources of Chemicals Other than Dioxins and Furans 

There is significant evidence that paper mill wastes are not the only potential source of 
chemicals other than dioxins and furans to soils sampled for this RI Report.  Following the 
detection of wood, plastic, paint chips, and asphalt in subsurface soils in 2011, the CSM was 
modified to acknowledge the presence and influence of other anthropogenic wastes 
influencing the subsurface environment of the area of investigation on the peninsula south of 
I-10 (Figure 5-45).  Soils data developed in 2012, along with groundwater data and additional 
analyses of historical information, help illuminate possible sources of these other 
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anthropogenic wastes, but the full history of waste deposition within the peninsula south of 
I-10 cannot be described with information available for this RI Report.  
 
Other chemicals were analyzed in soils and groundwater, and many were never detected in 
either medium.  The never-detected chemicals include a substantial number of VOCs and 
SVOCs.  However, some chemicals were detected, and their spatial patterns and other 
evidence indicate that they did not originate from paper mill wastes.  The majority of 
groundwater analytes are not present in groundwater at concentrations above drinking water 
standards, and none of the soil analytes are present in surface soils at concentrations 
sufficient to result in risks to potentially exposed populations (hypothetical trespassers and 
workers).  Lead and zinc are present at concentrations associated with some risk to terrestrial 
bird populations; cadmium, chromium, and copper are present at concentrations that may be 
associated with risks to individual birds.  Elevated concentrations of these metals do not 
correspond spatially with elevated dioxins and furans as TEQDF,M, and do not correlate 
statistically with concentrations of TCDD and TCDF, indicating that they are not associated 
with paper mill wastes.   
 
Cadmium, copper, chromium, lead, and zinc do correlate with each other, indicating a 
common source.  The types of industrial activities that have been underway continuously 
since the early 1970s and earlier, consisting mainly of industrial marine services, could be the 
source of these metals in surface and subsurface soils.  On the basis of historical 
documentation, these activities could also be the source of VOCs and SVOCs in soils and 
groundwater.  
 
The northern half of the area of investigation on the peninsula south of I-10 has a different 
history than the southern half, as indicated by the following:  

• The combination of historical aerial photographs (Figures 6-2 through 6-5, and 6-7) 
• The spatial patterns of VOCs in groundwater (Figure 6-19) and of cadmium, copper, 

chromium, lead, and zinc in soils (Figures 6-14 through 6-18) 
• The presence of paint chips in subsurface soils of the northern end of the area of 

investigation on the peninsula south of I-10 
• The difference in the spatial distribution of the dioxin and furan mixture (EM3) unique to 

soils from the area of investigation on the peninsula south of I-10 (Figure 6-22), and the 
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greater depth of fill and mixing of deep native soils of the northern end of the 
investigation area (Section 3.5.2) 

• The greater relative frequency of the dioxin and furan mixture characterized by EM3 in 
the northern half of the area of investigation south of I-10. 

 
The ultimate source(s) of materials in the northern end of this area of investigation are not 
known. 
 

6.6.2 Chemical Release Mechanisms and Transport Pathways 

Three independent lines of evidence indicate that, in spite of a history of physical 
disturbance on the peninsula south of I-10 in general, including within the area of 
investigation on the peninsula south of I-10, soils containing the highest levels of dioxins and 
furans from paper mill wastes have not been released into the aquatic environment: 

• The near absence of paper mill wastes (as indicated by the low proportion of EM2) and 
the relatively low TEQDF,M concentrations in both surface soils and sediments adjacent to 
and west of the peninsula indicate that runoff and soil erosion are not sufficient to cause a 
substantial release of paper mill waste-related dioxins and furans to the aquatic 
environment.  

• There is an absence of a distinctive third EM in sediments (Section 5.4).   
• The properties of dioxins and furans result in a lack of mobility in the soil environment.  

These compounds are not soluble, and they bind strongly to the soil matrix.   
 
Therefore, the surface soil in the area of investigation south of I-10 is a distinctive soil unit, 
and serves to contain the chemicals in deeper soils.  Although dioxins and furans and PCBs 
were detected in groundwater, groundwater transport to surface water is not a significant 
release pathway.  The paper mill waste-related chemicals, as indicated by dioxins and furans 
with a distinctive fingerprint, are therefore contained within the estimated perimeter of 
southern impoundment under baseline conditions.  Given the ongoing industrial activities 
within the estimated perimeter of the southern impoundment, there is a potential for 
physical disturbance of the soils in which dioxins and furans are present.  However, such 
disturbance is not known to be ongoing. 
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Those chemicals that are soluble in water and potentially mobilized in groundwater, 
including lead and VOCs, are present at concentrations that are below chronic marine 
surface water standards.  Mobilization potential is therefore not a concern to human health 
or the environment.  Although VOCs may be mobilized into the air at the surface or into the 
air of burrows made by certain mammals, a thorough risk evaluation indicates that the 
release of VOCs from soils into the vapor phase (Figure 5-45) does not result in risks to 
human health or the environment.  
 

6.6.3 Contemporary Conditions and Baseline Risks 

The evaluation of the baseline condition for this RI indicates that COPCs in soil are stable in 
the environment of the area of investigation on the peninsula south of I-10 or are present at 
concentrations below concentrations considered by USEPA to be associated with risks to 
human health or the environment.  There are no risks under baseline conditions to 
hypothetical commercial workers or trespassers from dioxins and furans, or any other 
chemical found in soils.  There is some baseline risk to terrestrial birds from lead and zinc in 
soils, but these metals, and the other metals associated with lesser risks to birds, are not 
associated with paper mill wastes.  There is an active marine services business community 
with a long history of operations throughout the peninsula south of I-10, and this activity 
could be the source of COC and other metals.   
 

6.7 Protective Concentration Levels for Soil 

As described in Section 5.8, PCLs express the concentration of each COC in an exposure 
medium that corresponds to a risk level considered by USEPA to be acceptable under site-
specific exposure scenarios.  As such, PCLs provide a means to evaluate risk management 
efforts to reduce or eliminate pathways of exposure to COCs that result in estimated risks 
that are higher than levels considered acceptable by USEPA.  In this section, PCLs for soils 
are presented for those COCs associated with risks to potential human receptors in the area 
of investigation south of I-10, using USEPA’s risk assessment protocols.  PCLs are derived for 
COCs with the following thresholds:   

• A target dioxin cancer HQ of 1, based on the TDI approach 
• A target hazard index of 1 for the noncancer endpoint 
• A cancer risk of 1x10-4 for COCs evaluated using the CSF approach.  
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PCLs were calculated for all constituents and media that exceeded these thresholds and for 
all COCs that were identified as risk drivers (e.g., contributing more than 5 percent of total 
risk or hazard when the cumulative risks or hazards exceeded these thresholds).  Section 5.8 
presents PCLs for sediment and tissue.  This section presents PCLs for soils, because the 
results of the risk evaluation for a hypothetical future construction worker indicate 
unacceptable risk (see Section 6.4 and Integral 2013).  Specifically, results of the BHHRA 
indicate that RME estimates exceed either a cancer hazard of 1 or a noncancer hazard of 1 for 
a hypothetical future construction worker in three of the exposure units evaluated.  The 
single COC identified as a risk driver for these scenarios was TEQDF,M in that the assumed 
exposure to TEQDF,M contributed over 99 percent of the estimated hazards.  
 
PCLs were developed for TEQDF,M in soil for the hypothetical future construction worker 
exposure scenario.  PCLs were calculated with both RME and CTE exposure assumptions 
using the methods described in Section 5.8 of this RI Report.   
 
For calculation of a soil PCL for TEQDF,M, the specific equations used are as follows: 

𝑃𝐶𝐿 = 𝑇𝐻𝐼 ∗ 𝐶𝐹2 ∗ (𝑅𝑓𝐷 𝑜𝑟 𝑇𝐷𝐼)/(𝐼𝑓𝑎𝑐𝑡𝑜𝑟_𝑠𝑜𝑖𝑙 + 𝐷𝐴𝐷𝑓𝑎𝑐𝑡𝑜𝑟_𝑠𝑜𝑖𝑙) (Eq. 6-1) 

where: 
PCL =  Protective concentration limit (ng/kg) 
THI = Target noncancer or cancer hazard index of 1 (unitless) 
CF2 = Conversion factor (1x106 ng/mg) 
RfD = Chemical-specific noncancer reference dose (mg/kg-day) 
TDI = Cancer based tolerable daily intake for TEQDF,M (mg/kg-day) 

and 
Ifactor_soil and DADfactor_soil are calculated using the following equations: 

 ATBW
CFEDEFFIRBAIR

I soilsoil
soilfactor *

***** 1
_ =

 (Eq. 6-2)
 

and 
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 ATBW
EVEDFIEFSACFABSAF

DAD dsoil
soilfactor *

******* 1
_ =

 (Eq. 6-3)
 

where: 
IRsoil = soil ingestion rate (mg/day) 
RBAsoil = relative bioavailability adjustment for soil (percent as fraction) 
FI = fraction of total daily intake that is Site-related (percent as fraction) 
EF = exposure frequency (days/year) 
ED = exposure duration (years) 
CF1 = conversion factor (1x10–6 kg/mg) 
BW = body weight (kg) 
AT = averaging time (days) 
AFsoil = adherence factor for soil (mg/cm2) 
ABSd = dermal absorption factor for soil (percent as fraction) 
SA = skin surface area available for contact (cm2) 
EV = event frequency (day–1) 

 
The resulting RME soil PCL for TEQDF,M protective of a hypothetical future construction 
worker from noncancer risk is 450 ng/kg, and the resulting PCL protective against cancer 
risk is 1,500 ng/kg.  These construction worker soil PCLs should be considered in comparison 
to TEQDF,M concentrations averaged across the total depth of soil (0 to 10 feet) to which a 
hypothetical future construction worker could be exposed.  A summary of all PCL results for 
soils in the area south of I-10 is provided in Table 6-18.  Specific assumptions for each 
calculation are tabulated in Appendix H.  
 
Risks to ecological receptors were also considered when deriving PCLs.  Although dioxins 
and furans are not a risk driver for ecological receptors, lead and zinc in soils of the area of 
investigation on the peninsula south of I-10 are associated with potential risks to the 
assessment endpoint for terrestrial bird populations.  These two metals are not associated 
with paper mill wastes, but are likely present due to other industrial activities within the 
area of investigation on the peninsula south of I-10.  Given the uncertainties associated with 
modeling tissue concentrations from soils concentrations, and the uncertainties associated 
with actual toxicity resulting from environmental exposures relative to the laboratory 
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exposures used in the toxicity testing, back-calculating from an “acceptable” risk level for 
terrestrial birds to a concentration in soils is not a reliable means to derive PCLs for lead and 
zinc.  Because the metals that are COCs for terrestrial birds are not derived from paper mill 
waste, PCLs for these metals are not presented.   
 

6.8 Summary and Conclusions 

The history of the peninsula south of I-10 evident in aerial photographs and from the limited 
documentation available for the period from 1972 to the present can be characterized as 
dynamic, with significant industrial activity occurring in a continuously changing landscape.  
The primary industry on the peninsula south of I-10 is shipping and marine industrial 
services, with the area serving as a transport hub and as the site of barge or ship 
maintenance, cleaning and painting.  Significant changes in the distribution of materials, 
locations of soil disturbance and staining, development of buildings or other structures, and 
evolution of roads and tracks throughout the southern peninsula area indicate that the 
peninsula south of I-10 has been a busy industrial community for the several decades 
following any disposal of paper mill wastes in the mid-1960s.  
 
Although there are areas where the subsurface concentrations of dioxins and furans as 
TEQDF,M are elevated, there are no risks to ecological receptors from dioxins and furans.  For 
hypothetical future construction workers, hypothetical exposure scenarios at three locations 
evaluated resulted in noncancer and dioxin cancer hazard indices greater than 1.  The 
hypothetical construction worked scenario assumed a potential for direct contact exposure 
via incidental ingestion and dermal contact to soils at DS-1, DS-2, and DS-4 (Figure 6-30).  
For all three exposure units with noncancer and dioxin cancer hazards greater than 1, over 
99 percent of the risks were attributable to assumed exposure to TEQDF,M.  As a result, PCLs 
for TEQDF,M averaged across soils 0 to 10 feet deep that are protective of a hypothetical future 
construction worker have been calculated and are presented in Section 6.7.  There are no 
risks to workers and trespassers from any chemical in surface soil, and there are no risks to 
ecological receptors including reptiles, mammals, and birds, except a possible risk to 
terrestrial bird populations from lead and zinc.  Conclusions about risk to terrestrial birds 
must be considered in light of the uncertainties associated with estimating metals 
concentrations in tissue on the basis of those in soils, as well as the uncertainties associated 
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with use of TRVs derived from laboratory studies (Appendix D).  The metals associated with 
risks to birds are not associated with paper mill wastes.   
 
Three dioxin and furan source types have been identified in soils of the area of investigation 
south of I-10.  One source of dioxins and furans is general urban background.  Background 
sources of dioxins and furans may include diffuse sources such as fuel combustion and other 
common municipal activities, or specific local sources like the Baytown Wastewater 
Treatment Plant outfall and a major stormwater outfall, both of which discharge into the 
aquatic environment within USEPA’s Preliminary Site Perimeter.  A second source is the 
same as the source in the impoundments north of I-10: paper mill wastes from the Champion 
Paper mill in Pasadena, Texas.  The common source of paper mill wastes north and south of 
I-10 is indicated by the results of NMF modeling using soil chemistry data (unmixing), which 
describes three unique dioxin and furan sources within USEPA’s Preliminary Site Perimeter.  
This source can be identified by a distinctive fingerprint consisting largely of TCDD and 
TCDF.  A third source type has a fingerprint that is distinct from the other two sources, and 
affects only soils in the area of investigation on the peninsula south of I-10, not sediments.  
The nature and origin of this dioxin and furan source are unknown.  Its spatial distribution in 
subsurface soils suggests that it was deposited earlier than any paper mill wastes, and that it is 
generally a larger component of total dioxin and furan concentrations at the northern end of 
Soil Investigation Area 4 than in the southern end, where paper mill wastes are more 
significant.  In adjacent areas west and south of Soil Investigation Area 4, the contributions 
of paper mill wastes to dioxins and furans in soils are very low to absent.  The third source 
type (EM3) corresponds spatially to the area of Soil Investigation Area 4 with higher VOCs 
in groundwater, higher metals in subsurface soils, and a deeper layer of fill than elsewhere in 
Soil Investigation Area 4. 
 
Although several metals were identified within the area of investigation on the peninsula 
south of I-10, there is no evidence that these metals or other chemicals, such as dioxins and 
furans or PCBs, in soils from the area of investigation on the peninsula south of I-10 are 
adversely affecting or could adversely affect the aquatic environment.  Given that risks 
associated with any paper mill wastes present in portions of this investigation area are 
limited to those for the hypothetical future construction worker in three locations, and given 
that such wastes are not mobile, available information is sufficient for risk management 
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decision-making.  There are no further data gaps for the area of investigation on the 
peninsula south of I-10, and the RI for this area is considered to be complete.   
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7 REMEDIAL ACTION OBJECTIVES  

Draft RAOs were presented in the RA Memo.  Because the RA Memo (Anchor QEA 2012a) 
is the first step in the identification of remedial alternatives it identifies, a set of RAOs for the 
Site was included as the basis for the preliminary screening of alternatives.  The discussion of 
RAOs is included here because RAOs are among the topics recommended by the USEPA 
(1988) guidance that Respondents are directed by the UAO to use for this document.   
 
RAOs, under the National Contingency Plan (NCP), are established in the RI/FS to specify 
“contaminants and media of concern, potential exposure pathways, and remediation goals” 
(40 CFR §300.430(e)(2)(i)).  According to USEPA guidance (1999, 2005a), RAOs “describe 
what the proposed site cleanup is expected to accomplish.”  They should be clearly tied to the 
CSM, address the significant exposure pathways and site-specific risks to human health and 
the environment, and provide the basis for more specific RGs.  RAOs may differ for different 
parts of a site, regardless of whether such different areas constitute different operable units.  
RAOs provide a foundational consideration in the process of comparing remedial alternatives 
and help to focus the development and evaluation of alternatives.  The current RAOs are 
described below.  However, RAOs typically evolve over the course of the RI/FS and become 
final only when the record of decision (ROD) is signed. 
 
RAOs support the initial development and refinement of PRGs during the RI/FS process, and 
the selection of final RGs in the ROD.  These terms are defined in the NCP and supporting 
guidance and are used in this document as follows: 

• A PRG is a specific expression of a cleanup level (e.g., a sediment concentration or risk 
level) that is protective of human health and the environment for each exposure 
pathway.  Initially, PRGs may be defined using ARARs or generic cleanup levels, but 
they are often re-evaluated during the RI/FS process as the CSM is refined and site-
specific studies, including the baseline risk assessments and the characterization of 
background conditions, become available.  PRGs may be represented as a range of values 
corresponding to a risk level or range considered to be acceptable by USEPA.   

• Final RGs (or final cleanup levels) are established in the ROD and may take into account 
additional considerations, such as the uncertainty in the risk assessments or models used 
to characterize the site, and additional factors and tradeoffs (e.g., future site use, 
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remediation timeframes, cost-effectiveness, and short-term community and 
environmental impacts associated with the cleanup) that are identified based on the 
remedy selection criteria specified under the NCP (40 CFR §300.430(e)(9)(iii)).   

 
At many sites, attaining the final RG or cleanup level will not be achieved solely by active 
remediation and will rely in whole or part on natural processes occurring over time.  There 
are also circumstances in which RGs can be attained on the basis of a site-wide average or 
exposure unit average by cleaning up “hotspots” where concentrations exceed a defined 
action level.  For these reasons, the concept of remedial action levels (RALs), which are 
distinct from RGs, has been recognized in some remedy decision documents (e.g., USEPA 
2002c).  RALs are generally understood to represent levels of chemicals in environmental 
media above which active remedial measures, such as treatment, capping, or removal, will be 
implemented.  RAOs provide the first step in the process to define the chemicals and media 
to be addressed by the cleanup, address specific exposure pathways and receptors, and 
provide the basis for defining PRGs.  The initial RAOs for the Site, as described in the draft 
Final RA Memo, are provided below.   
 

7.1 Source Control 

RAO 1: Eliminate loading of dioxins and furans from the former paper mill waste 
impoundments north of I-10 to sediments and surface waters of the San Jacinto River. 
 
This RAO should be considered in the context of the history (Section 5.1) and CSM 
(Section 5.7) of the northern impoundment.  Achieving RAO 1 requires elimination of the 
three major assumed transport pathways shown in the CSM for the northern impoundment 
and aquatic area: 1) transport and dispersal of wastes, 2) processing of dredged material, and 
3) sediment resuspension due to storms.  Transport and dispersal of wastes can no longer 
occur at the present time at the northern impoundments, because the northern 
impoundments are not part of an active disposal facility.  In addition, one of the primary 
release mechanisms for dioxins and furans associated with the northern impoundments 
(dredging in the impoundment area) and related secondary transport processes no longer 
occur.  With the cessation of regional groundwater withdrawal, the major source of 
subsidence has also been eliminated.  Implementation of the TCRA has eliminated the 
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associated secondary assumed transport mechanisms resulting from erosion due to the river 
flowing over the wastes and due to storm-related sediment resuspension.  In July 2012, a 
small area of exposed geotextile was observed during routine inspection on the northwest 
side of the TCRA cap.  Rock was replaced on top of the geotextile in this area as part of the 
approved maintenance plan for the TCRA cap (Anchor QEA 2012d).  The TCRA cap is 
currently controlling secondary transport mechanisms, measures to ensure its long-term 
protectiveness will be evaluated in the context of evaluating and selecting a final remedy for 
the northern impoundments in the FS and the Record of Decision.  
 
Potential pathways for dioxin and furan loading to surface water and sediment from the 
suspected impoundment south of I-10 (potentially occurring within Soil Investigation 
Area 4) are surface runoff of soil particles and migration of dissolved dioxins and furans with 
groundwater.  RAO 1 includes controlling any migration of dioxins and furans associated 
with paper mill wastes from Soil Investigation Area 4 to surface water and sediment. 
 

7.2 Pathway Elimination 

RAO 2: Reduce human exposures to paper mill waste-derived dioxins and furans from 
consumption of fish and shellfish by remediating sediments affected by paper mill wastes to 
appropriate cleanup levels. 
 
Dioxins and furans originating in the wastes deposited in the impoundments have been 
identified as COCs, and are considered a risk driver for hypothetical human receptors who 
could visit the area within USEPA’s Preliminary Site Perimeter and collect fish and shellfish 
for consumption.  To the extent that USEPA, as part of the risk assessment process, concludes 
that human exposures to COCs originating in the paper mill wastes from eating fish and 
shellfish collected within USEPA’s Preliminary Site Perimeter result in lifetime excess cancer 
risk, cancer hazards, or noncancer hazards above thresholds it considers to be acceptable, 
sediment remedial actions may be required to reduce or eliminate the pathways linking 
materials derived from the impoundments to fish and shellfish. 
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RAO 3: Reduce human exposures to paper mill waste-derived dioxins and furans from direct 
contact with intertidal sediment by remediating sediments affected by paper mill wastes to 
appropriate cleanup levels. 
 
People may become exposed to COCs from the northern impoundments when visiting the 
area within USEPA’s Preliminary Site Perimeter and wading or otherwise having direct 
contact with sediments in the intertidal zone.  If USEPA concludes, as part of the risk 
assessment process, that exposures to COCs through direct contact with intertidal sediments 
results in a lifetime excess cancer risk greater than thresholds it considers to be acceptable, 
sediment remedial actions may be required to reduce or eliminate these exposures.  RAO has 
been partially achieved through implementation of the TCRA, which has eliminated 
exposures to paper mill wastes from direct contact within the 1966 perimeter of the 
impoundments north of I-10. 
 
RAO 4: Reduce human exposures to paper mill waste-derived dioxins and furans from direct 
contact with upland soils to appropriate cleanup levels. 
 
Dioxins and furans have been found in upland soils in Soil Investigation Areas 3 and 4.  
Potential exposure routes associated with upland soil include dermal absorption and 
incidental ingestion.  Sample results obtained to date indicate that the TEQDF,M 
concentrations in surface and near-surface soils are well below the USEPA interim PRGs for 
industrial soil.  The highest observed TEQDF,M concentrations are less than 40 ng/kg, and the 
USEPA PRG for industrial soils is 665 ng/kg.  If USEPA concludes, as part of the risk 
assessment process, that dioxins and furans are found in surface soils at concentrations that 
could result in lifetime excess cancer risk, noncancer or cancer hazard index greater than 
thresholds they consider acceptable, soil remedial actions may be required to reduce or 
eliminate these exposures. 
 
RAO 5: Reduce exposures of fish, shellfish, reptiles, birds, and mammals to paper mill waste -
derived dioxins and furans by remediating sediment affected by paper mill wastes to 
appropriate cleanup levels. 
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Ecological receptors may become exposed to COCs from the waste from the impoundments 
north of I-10 through direct contact with sediments and through ingestion of 
bioaccumulative chemicals (including dioxins and furans originating from the 
impoundments) while foraging on or inhabiting area within USEPA’s Preliminary Site 
Perimeter. If USEPA concludes, as part of the risk assessment process, that exposure of 
ecological receptors to COCs by ingestion of sediment and biota, or by respiration of 
porewater or surface water results in risks to ecological receptors that are higher than the 
thresholds considered acceptable by USEPA, sediment remedial actions will be required to 
reduce or eliminate the exposure pathways contributing to ecological risks considered 
unacceptable by USEPA.  Remediation of sediments is expected to reduce COC 
concentrations in sediments, water, and biota, with which ecological receptors may have 
contact, and will thereby reduce or eliminate the pathways linking ecological receptors to 
materials derived from the impoundments. 
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Class Chemical

Dioxins and Furans

Aluminum
Antimony
Arsenic
Barium
Cadmium
Chromium
Cobalt
Copper
Lead
Magnesium
Manganese
Mercury
Nickel
Silver
Thallium
Vanadium
Zinc

Polychlorinated Biphenyls

2,4-Dichlorophenol
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,3,4,6-Tetrachlorophenol
Acenaphthene
Bis(2-ethylhexyl)phthalate
Carbazole
Fluorene
Hexachlorobenzene
Naphthalene
Pentachlorophenol
Phenanthrene
Phenol

1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene 
Chloroform 

Volatile Organic Compounds

Table 1-1
Chemicals of Interest

Dioxins and Furans

Metals

Polychlorinated Biphenyls

Semivolatile Organic Compounds
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Chemical
Area North of I-10 and Aquatic 

Environment
Area of Investigation South 

of I-10
Dioxins and Furans

Dioxins and Furans EB, EFW, HH HH, W
Metals

Aluminum EB
Arsenic HH HH
Barium EB 
Cadmium EFW, HH W
Chromium HH W
Cobalt EB
Copper EB, EFW, HH W
Lead EB W
Magnesium EB
Manganese EB
Mercury EB, EFW, HH W
Nickel EFW, HH Wb

Thallium EB
Vanadium EB
Zinc EB, EFW, HH W

Polychlorinated Biphenyls
Polychlorinated Biphenyls EFW, HH W

Semivolatile Organic Compounds
Phenol EB
Carbazole EB
Bis(2-ethylhexyl)phthalate EB, EFW, HH W
Benzo(a)pyrene HH
HPAH W

Notes
COPC = chemical of potential concern

   EB = ecological receptors - benthic invertebrate community
EFW = ecological receptors - fish and wildlife
HH = human health receptors
HPAH = high molecular weight polycyclic aromatic hydrocarbons
W = birds, mammals, and reptiles

b - For burrowing mammals only.

Table 1-2
Chemicals of Potential Concerna

a - Identification of COPCs for the area of investigation on the peninsula south of I-10 is addressed in 
Appendix D of this document for ecological receptors, and in Appendix C of the Draft Baseline Human 
Health Risk Assessment (Integral 2012e).
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Analyte CAS Number

Aluminum 7429-90-5
Arsenic 7440-38-2
Barium 7440-39-3
Cadmium 7440-43-9
Chromium(III) 7440-47-3
Cobalt 7440-48-4
Copper 7440-50-8
Lead 7439-92-1
Magnesium 7439-95-4
Manganese 7439-96-5
Mercury 7439-97-6
Nickel 7440-02-0
Thallium 7440-28-0
Vanadium 7440-62-2
Zinc 7440-66-6

PCB001 2051-60-7 
PCB002 2051-61-8 
PCB003 2051-62-9 
PCB004 13029-08-8 
PCB005 16605-91-7 
PCB006 25569-80-6 
PCB007 33284-50-3 
PCB008 34883-43-7 
PCB009 34883-39-1 
PCB010 33146-45-1 
PCB011 2050-67-1 
PCB012+013 a 2974-92-7 / 

2974-90-5 
PCB014 34883-41-5 
PCB015 2050-68-2 
PCB016 38444-78-9 
PCB017 37680-66-3 
PCB018+030 a 37680-65-2 / 

35693-92-6 
PCB019 38444-73-4 
PCB020+028 a 38444-84-7 / 

7012-37-5 
PCB021+033 a 55702-46-0 /

38444-86-9 

Analytes for Soils Collected as Part of the Phase II Investigation 
South of I-10

Table 1-3

Metals

Polychlorinated Biphenyl Congeners
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Analyte CAS Number

Analytes for Soils Collected as Part of the Phase II Investigation 
South of I-10

Table 1-3

PCB022 38444-85-8 
PCB023 55720-44-0 
PCB024 55702-45-9 
PCB025 55712-37-3 
PCB026+029 a 38444-81-4 / 

15862-07-4 
PCB027 38444-76-7 
PCB031 16606-02-3 
PCB032 38444-77-8 
PCB034 37680-68-5 
PCB035 37680-69-6 
PCB036 38444-87-0 
PCB037 38444-90-5 
PCB038 53555-66-1 
PCB039 38444-88-1 
PCB040+041+071 a 52663-59-9 / 

41464-46-4 / 
38444-93-8 

PCB042 36559-22-5 
PCB043+073 a 70362-46-8 / 

74338-23-1 
PCB044+047+065 a 41464-39-5 / 

2437-79-8 / 
33284-54-7 

PCB045+051 a 70362-45-7 / 
68194-04-7 

PCB046 41464-47-5 
PCB048 70362-47-9 
PCB049+069 a 41464-40-8 / 

60233-24-1 
PCB050+053 a 62796-65-0 / 

41464-41-9 
PCB052 35693-99-3 
PCB054 15968-05-5 
PCB055 74338-24-2 
PCB056 41464-43-1 
PCB057 70424-67-8 
PCB058 41464-49-7 
PCB059+062+075 a 74472-33-6 / 

54230-22-7 / 
32598-12-2 
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Analyte CAS Number

Analytes for Soils Collected as Part of the Phase II Investigation 
South of I-10

Table 1-3

PCB060 33025-41-1 
PCB061+070+074+076 a 33284-53-6 / 

32598-11-1 / 
32690-93-0  / 
70362-48-0 

PCB063 74472-34-7 
PCB064 52663-58-8 
PCB066 32598-10-0 
PCB067 73575-53-8 
PCB068 73575-52-7 
PCB072 41464-42-0 
PCB077 32598-13-3 
PCB078 70362-49-1 
PCB079 41464-48-6 
PCB080 33284-52-5 
PCB081 70362-50-4 
PCB082 52663-62-4 
PCB083+099 a 60145-20-2 / 

38380-01-7 
PCB084 52663-60-2 
PCB085+116 a 65510-45-4 / 

18259-05-7 
PCB086+087+108+119+125 a 55312-69-1 / 

38380-02-8 / 
41464-51-1 / 
70362-41-3 / 
56558-17-9 / 
74472-39-2 

PCB088+091 a 55215-17-3 / 
68194-05-8 

PCB089 73575-57-2 
PCB090+101+113 a 68194-07-0 / 

37680-73-2 / 
68194-10-5 

PCB092 52663-61-3 
PCB093+100 a 73575-56-1 / 

39485-83-1 
PCB094 73575-55-0 
PCB095 38379-99-6 
PCB096 73575-54-9 
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Analyte CAS Number

Analytes for Soils Collected as Part of the Phase II Investigation 
South of I-10

Table 1-3

PCB098+102 a 60233-25-2 / 
68194-06-9 

PCB103 60145-21-3 
PCB104 56558-16-8 
PCB105 32598-14-4 
PCB106 70424-69-0 
PCB107+124 a 70424-68-9 / 

70424-70-3 
PCB109 74472-35-8 
PCB110+115 a 38380-03-9 / 

74472-38-1 
PCB111 39635-32-0 
PCB112 74472-36-9 
PCB114 74472-37-0 
PCB117 68194-11-6 
PCB118 31508-00-6 
PCB120 68194-12-7 
PCB121 56558-18-0 
PCB122 76842-07-4 
PCB123 65510-44-3 
PCB126 57465-28-8 
PCB127 39635-33-1 
PCB128+166 a 38380-07-3 / 

41411-63-6 
PCB129+138+163 a 55215-18-4 / 

35065-28-2 / 
74472-44-9 

PCB130 52663-66-8 
PCB131 61798-70-7 
PCB132 38380-05-1 
PCB133 35694-04-3 
PCB134 52704-70-8 
PCB135+151 a 52744-13-5 / 

52663-63-5 
PCB136 38411-22-2 
PCB137 35694-06-5 
PCB139+140 a 56030-56-9 / 

59291-64-4 
PCB141 52712-04-6 
PCB142 41411-61-4 
PCB143 68194-15-0 
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Analyte CAS Number

Analytes for Soils Collected as Part of the Phase II Investigation 
South of I-10

Table 1-3

PCB144 68194-14-9 
PCB145 74472-40-5 
PCB146 51908-16-8 
PCB147+149 a 68194-13-8 / 

38380-04-0 
PCB148 74472-41-6 
PCB150 68194-08-1 
PCB152 68194-09-2 
PCB153+168 a 35065-27-1 / 

59291-65-5 
PCB154 60145-22-4 
PCB155 33979-03-2 
PCB156+157 a 38380-08-4 / 

69782-90-7 
PCB158 74472-42-7 
PCB159 39635-35-3 
PCB160 41411-62-5 
PCB161 74472-43-8 
PCB162 39635-34-2 
PCB164 74472-45-0 
PCB165 74472-46-1 
PCB167 52663-72-6 
PCB169 32774-16-6 
PCB170 35065-30-6 
PCB171+173 a 52663-71-5 / 

68194-16-1 
PCB172 52663-74-8 
PCB174 38411-25-5 
PCB175 40186-70-7 
PCB176 52663-65-7 
PCB177 52663-70-4 
PCB178 52663-67-9 
PCB179 52663-64-6 
PCB180+193 a 35065-29-3 / 

69782-91-8 
PCB181 74472-47-2 
PCB182 60145-23-5 
PCB183 52663-69-1 
PCB184 74472-48-3 
PCB185 52712-05-7 
PCB186 74472-49-4 



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 6 May 2013

Analyte CAS Number

Analytes for Soils Collected as Part of the Phase II Investigation 
South of I-10

Table 1-3

PCB187 52663-68-0 
PCB188 74487-85-7 
PCB189 39635-31-9 
PCB190 41411-64-7 
PCB191 74472-50-7 
PCB192 74472-51-8 
PCB194 35694-08-7 
PCB195 52663-78-2 
PCB196 42740-50-1 
PCB197 33091-17-7 
PCB198+199 a 68194-17-2 / 

52663-75-9 
PCB200 52663-73-7 
PCB201 40186-71-8 
PCB202 2136-99-4 
PCB203 52663-76-0 
PCB204 74472-52-9 
PCB205 74472-53-0 
PCB206 40186-72-9 
PCB207 52663-79-3 
PCB208 52663-77-1 
PCB209 2051-24-3 

1,2,3,4,6,7,8-Heptachlorodibenzo-p -dioxin 35822-46-9
1,2,3,4,6,7,8-Heptachlorodibenzofuran  67562-39-4
1,2,3,4,7,8,9-Heptachlorodibenzofuran  55673-89-7
1,2,3,4,7,8-Hexachlorodibenzo-p -dioxin 39227-28-6
1,2,3,4,7,8-Hexachlorodibenzofuran  70648-26-9
1,2,3,6,7,8-Hexachlorodibenzo-p -dioxin 57653-85-7
1,2,3,6,7,8-Hexachlorodibenzofuran  57117-44-9
1,2,3,7,8,9-Hexachlorodibenzo-p -dioxin 19408-74-3
1,2,3,7,8,9-Hexachlorodibenzofuran  72918-21-9
1,2,3,7,8-Pentachlorodibenzofuran  57117-41-6
1,2,3,7,8-Pentachlorodibenzo-p -dioxin  40321-76-4
2,3,4,6,7,8-Hexachlorodibenzofuran  60851-34-5
2,3,4,7,8-Pentachlorodibenzofuran  57117-31-4
2,3,7,8-Tetrachlorodibenzo-p -dioxin 1746-01-6
2,3,7,8-Tetrachlorodibenzofuran  51207-31-9
Octachlorodibenzo-p -dioxin 3268-87-9
Octachlorodibenzofuran  39001-02-0

Dioxins/Furans
Organics
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Analyte CAS Number

Analytes for Soils Collected as Part of the Phase II Investigation 
South of I-10

Table 1-3

Total tetrachlorinated dioxins 41903-57-5
Total pentachlorinated dioxins 36088-22-9
Total hexachlorinated dioxins 34465-46-8
Total heptachlorinated dioxins 37871-00-4
Total tetrachlorinated furans 30402-14-3
Total pentachlorinated furans 30402-15-4
Total hexachlorinated furans 55684-94-1
Total heptachlorinated furans 38998-75-3

Acenaphthene 83-32-9
Acenaphthylene 208-96-8
Anthracene 120-12-7
Benz[a]anthracene 56-55-3
Benzo[a]pyrene 50-32-8
Benzo[b]fluoranthene 205-99-2
Benzo[ghi]perylene 191-24-2
Benzo[k]fluoranthene 207-08-9
Benzoic acid 65-85-0
Benzyl alcohol 100-51-6
Bis(2-chloroethoxy)methane 111-91-1
Bis(2-chloroethyl) ether 111-44-4
Bis(2-chloroisopropyl) ether 39638-32-9
Bis(2-ethylhexyl) phthalate 117-81-7
4-Bromophenyl phenyl ether 101-55-3
Butyl benzyl phthalate 85-68-7
Carbazole 86-74-8
4-Chloro-3-methylphenol 59-50-7
4-Chloroaniline 106-47-8
2-Chloronaphthalene 91-58-7
2-Chlorophenol 95-57-8
4-Chlorophenyl phenyl ether 7005-72-3
Chrysene 218-01-9
Dibenz[a,h]anthracene 53-70-3
Dibenzofuran 132-64-9
3,3'-Dichlorobenzidine 91-94-1
2,4-Dichlorophenol 120-83-2
Diethyl phthalate 84-66-2
Dimethyl phthalate 131-11-3
2,4-Dimethylphenol 105-67-9
Di-n -butyl phthalate 84-74-2
2,4-Dinitrophenol 51-28-5

Semivolatile Organic Compounds
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Analyte CAS Number

Analytes for Soils Collected as Part of the Phase II Investigation 
South of I-10

Table 1-3

2,4-Dinitrotoluene 121-14-2
2,6-Dinitrotoluene 606-20-2
Di-n -octyl phthalate 117-84-0
Fluoranthene 206-44-0
Fluorene 86-73-7
Hexachlorobenzene 118-74-1
Hexachlorocyclopentadiene 77-47-4
Hexachloroethane 67-72-1
Indeno[1,2,3-cd]pyrene 193-39-5
Isophorone 78-59-1
2-Methyl-4,6-dinitrophenol 534-52-1
2-Methylnaphthalene 91-57-6
2-Methylphenol 95-48-7
4-Methylphenol 106-44-5
2-Nitroaniline 88-74-4
3-Nitroaniline 99-09-2
4-Nitroaniline 100-01-6
Nitrobenzene 98-95-3
2-Nitrophenol 88-75-5
4-Nitrophenol 100-02-7
N -Nitrosodi-n -propylamine 621-64-7
N -Nitrosodiphenylamine 86-30-6
Pentachlorophenol 87-86-5
Phenanthrene 85-01-8
Phenol 108-95-2
Pyrene 129-00-0
2,4,5-Trichlorophenol 95-95-4
2,4,6-Trichlorophenol 88-06-2

Acetone 67-64-1
Benzene 71-43-2
Bromobenzene 108-86-1
Bromochloromethane 74-97-5
Bromodichloromethane 75-27-4
Bromoform 75-25-2
Bromomethane 74-83-9
2-Butanone 78-93-3
n -Butylbenzene 104-51-8
sec -Butylbenzene 135-98-8
tert -Butylbenzene 98-06-6
Carbon disulfide 75-15-0

Volatile Organic Compounds
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Analyte CAS Number

Analytes for Soils Collected as Part of the Phase II Investigation 
South of I-10

Table 1-3

Carbon tetrachloride 56-23-5
Chlorobenzene 108-90-7
Chloroethane 75-00-3
Chloroform 67-66-3
Chloromethane 74-87-3
2-Chlorotoluene 95-49-8
4-Chlorotoluene 106-43-4
1,2-Dibromo-3-chloropropane 96-12-8
Dibromochloromethane 124-48-1
1,2-Dibromoethane 106-93-4
Dibromomethane 74-95-3
1,2-Dichlorobenzene 95-50-1
1,3-Dichlorobenzene 541-73-1
1,4-Dichlorobenzene 106-46-7
Dichlorodifluoromethane 75-71-8
1,1-Dichloroethane 75-34-3
1,2-Dichloroethane 107-06-2
1,1-Dichloroethene 75-35-4
cis -1,2-Dichloroethene 156-59-2
trans -1,2-Dichloroethene 156-60-5
1,2-Dichloropropane 78-87-5
1,3-Dichloropropane 142-28-9
2,2-Dichloropropane 594-20-7
1,1-Dichloropropene 563-58-6
cis -1,3-Dichloropropene 10061-01-5
trans -1,3-Dichloropropene 10061-02-6
Ethylbenzene 100-41-4
Hexachlorobutadiene 87-68-3
2-Hexanone 591-78-6
Isopropylbenzene 98-82-8
4-Isopropyltoluene 99-87-6
4-Methyl-2-pentanone 108-10-1
Methylene chloride 75-09-2
Naphthalene 91-20-3
n -Propylbenzene 103-65-1
Styrene 100-42-5
1,1,1,2-Tetrachloroethane 630-20-6
1,1,2,2-Tetrachloroethane 79-34-5
Tetrachloroethene 127-18-4
Toluene 108-88-3
1,2,3-Trichlorobenzene 87-61-6
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Analyte CAS Number

Analytes for Soils Collected as Part of the Phase II Investigation 
South of I-10

Table 1-3

1,2,4-Trichlorobenzene 120-82-1
1,1,2-Trichloroethane 79-00-5
1,1,1-Trichloroethane 71-55-6
Trichloroethene 79-01-6
Trichlorofluoromethane 75-69-4
1,2,3-Trichloropropane 96-18-4
1,2,4-Trimethylbenzene 95-63-6
1,3,5-Trimethylbenzene 108-67-8
Vinyl chloride 75-01-4
o -Xylene 95-47-6
m,p -Xylenes 136777-61-2

Notes
CAS = Chemical Abstract Service
PCB = polychlorinated biphenyl
a - Reported as a co-elution.
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Analyte CAS Number

Aluminum 7429-90-5
Arsenic 7440-38-2
Barium 7440-39-3
Cadmium 7440-43-9
Chromium(III) 7440-47-3
Cobalt 7440-48-4
Copper 7440-50-8
Lead 7439-92-1
Magnesium 7439-95-4
Manganese 7439-96-5
Mercury 7439-97-6
Nickel 7440-02-0
Thallium 7440-28-0
Vanadium 7440-62-2
Zinc 7440-66-6

PCB001 2051-60-7 
PCB002 2051-61-8 
PCB003 2051-62-9 
PCB004 13029-08-8 
PCB005 16605-91-7 
PCB006 25569-80-6 
PCB007 33284-50-3 
PCB008 34883-43-7 
PCB009 34883-39-1 
PCB010 33146-45-1 
PCB011 2050-67-1 
PCB012+013 a 2974-92-7 / 

2974-90-5 
PCB014 34883-41-5 
PCB015 2050-68-2 
PCB016 38444-78-9 
PCB017 37680-66-3 
PCB018+030 a 37680-65-2 / 

35693-92-6 
PCB019 38444-73-4 
PCB020+028 a 38444-84-7 / 

7012-37-5 
PCB021+033 a 55702-46-0 /

38444-86-9 
PCB022 38444-85-8 
PCB023 55720-44-0 

Table 1-4
Analytes for Sediments Collected South of I-10 in 2012

Metals

Polychlorinated Biphenyl Congeners
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Analyte CAS Number

Table 1-4
Analytes for Sediments Collected South of I-10 in 2012

PCB024 55702-45-9 
PCB025 55712-37-3 
PCB026+029 a 38444-81-4 / 

15862-07-4 
PCB027 38444-76-7 
PCB031 16606-02-3 
PCB032 38444-77-8 
PCB034 37680-68-5 
PCB035 37680-69-6 
PCB036 38444-87-0 
PCB037 38444-90-5 
PCB038 53555-66-1 
PCB039 38444-88-1 
PCB040+041+071 a 52663-59-9 / 

41464-46-4 / 
38444-93-8 

PCB042 36559-22-5 
PCB043+073 a 70362-46-8 / 

74338-23-1 
PCB044+047+065 a 41464-39-5 / 

2437-79-8 / 
33284-54-7 

PCB045+051 a 70362-45-7 / 
68194-04-7 

PCB046 41464-47-5 
PCB048 70362-47-9 
PCB049+069 a 41464-40-8 / 

60233-24-1 
PCB050+053 a 62796-65-0 / 

41464-41-9 
PCB052 35693-99-3 
PCB054 15968-05-5 
PCB055 74338-24-2 
PCB056 41464-43-1 
PCB057 70424-67-8 
PCB058 41464-49-7 
PCB059+062+075 a 74472-33-6 / 

54230-22-7 / 
32598-12-2 

PCB060 33025-41-1 
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Analyte CAS Number

Table 1-4
Analytes for Sediments Collected South of I-10 in 2012

PCB061+070+074+076 a 33284-53-6 / 
32598-11-1 / 
32690-93-0  / 
70362-48-0 

PCB063 74472-34-7 
PCB064 52663-58-8 
PCB066 32598-10-0 
PCB067 73575-53-8 
PCB068 73575-52-7 
PCB072 41464-42-0 
PCB077 32598-13-3 
PCB078 70362-49-1 
PCB079 41464-48-6 
PCB080 33284-52-5 
PCB081 70362-50-4 
PCB082 52663-62-4 
PCB083+099 a 60145-20-2 / 

38380-01-7 
PCB084 52663-60-2 
PCB085+116 a 65510-45-4 / 

18259-05-7 
PCB086+087+108+119+125 a 55312-69-1 / 

38380-02-8 / 
41464-51-1 / 
70362-41-3 / 
56558-17-9 / 
74472-39-2 

PCB088+091 a 55215-17-3 / 
68194-05-8 

PCB089 73575-57-2 
PCB090+101+113 a 68194-07-0 / 

37680-73-2 / 
68194-10-5 

PCB092 52663-61-3 
PCB093+100 a 73575-56-1 / 

39485-83-1 
PCB094 73575-55-0 
PCB095 38379-99-6 
PCB096 73575-54-9 
PCB098+102 a 60233-25-2 / 

68194-06-9 
PCB103 60145-21-3 
PCB104 56558-16-8 
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Analyte CAS Number

Table 1-4
Analytes for Sediments Collected South of I-10 in 2012

PCB105 32598-14-4 
PCB106 70424-69-0 
PCB107+124 a 70424-68-9 / 

70424-70-3 
PCB109 74472-35-8 
PCB110+115 a 38380-03-9 / 

74472-38-1 
PCB111 39635-32-0 
PCB112 74472-36-9 
PCB114 74472-37-0 
PCB117 68194-11-6 
PCB118 31508-00-6 
PCB120 68194-12-7 
PCB121 56558-18-0 
PCB122 76842-07-4 
PCB123 65510-44-3 
PCB126 57465-28-8 
PCB127 39635-33-1 
PCB128+166 a 38380-07-3 / 

41411-63-6 
PCB129+138+163 a 55215-18-4 / 

35065-28-2 / 
74472-44-9 

PCB130 52663-66-8 
PCB131 61798-70-7 
PCB132 38380-05-1 
PCB133 35694-04-3 
PCB134 52704-70-8 
PCB135+151 a 52744-13-5 / 

52663-63-5 
PCB136 38411-22-2 
PCB137 35694-06-5 
PCB139+140 a 56030-56-9 / 

59291-64-4 
PCB141 52712-04-6 
PCB142 41411-61-4 
PCB143 68194-15-0 
PCB144 68194-14-9 
PCB145 74472-40-5 
PCB146 51908-16-8 
PCB147+149 a 68194-13-8 / 

38380-04-0 
PCB148 74472-41-6 
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Analyte CAS Number

Table 1-4
Analytes for Sediments Collected South of I-10 in 2012

PCB150 68194-08-1 
PCB152 68194-09-2 
PCB153+168 a 35065-27-1 / 

59291-65-5 
PCB154 60145-22-4 
PCB155 33979-03-2 
PCB156+157 a 38380-08-4 / 

69782-90-7 
PCB158 74472-42-7 
PCB159 39635-35-3 
PCB160 41411-62-5 
PCB161 74472-43-8 
PCB162 39635-34-2 
PCB164 74472-45-0 
PCB165 74472-46-1 
PCB167 52663-72-6 
PCB169 32774-16-6 
PCB170 35065-30-6 
PCB171+173 a 52663-71-5 / 

68194-16-1 
PCB172 52663-74-8 
PCB174 38411-25-5 
PCB175 40186-70-7 
PCB176 52663-65-7 
PCB177 52663-70-4 
PCB178 52663-67-9 
PCB179 52663-64-6 
PCB180+193 a 35065-29-3 / 

69782-91-8 
PCB181 74472-47-2 
PCB182 60145-23-5 
PCB183 52663-69-1 
PCB184 74472-48-3 
PCB185 52712-05-7 
PCB186 74472-49-4 
PCB187 52663-68-0 
PCB188 74487-85-7 
PCB189 39635-31-9 
PCB190 41411-64-7 
PCB191 74472-50-7 
PCB192 74472-51-8 
PCB194 35694-08-7 
PCB195 52663-78-2 



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 6 May 2013

Analyte CAS Number

Table 1-4
Analytes for Sediments Collected South of I-10 in 2012

PCB196 42740-50-1 
PCB197 33091-17-7 
PCB198+199 a 68194-17-2 / 

52663-75-9 
PCB200 52663-73-7 
PCB201 40186-71-8 
PCB202 2136-99-4 
PCB203 52663-76-0 
PCB204 74472-52-9 
PCB205 74472-53-0 
PCB206 40186-72-9 
PCB207 52663-79-3 
PCB208 52663-77-1 
PCB209 2051-24-3 

1,2,3,4,6,7,8-Heptachlorodibenzo-p -dioxin 35822-46-9
1,2,3,4,6,7,8-Heptachlorodibenzofuran  67562-39-4
1,2,3,4,7,8,9-Heptachlorodibenzofuran  55673-89-7
1,2,3,4,7,8-Hexachlorodibenzo-p -dioxin 39227-28-6
1,2,3,4,7,8-Hexachlorodibenzofuran  70648-26-9
1,2,3,6,7,8-Hexachlorodibenzo-p -dioxin 57653-85-7
1,2,3,6,7,8-Hexachlorodibenzofuran  57117-44-9
1,2,3,7,8,9-Hexachlorodibenzo-p -dioxin 19408-74-3
1,2,3,7,8,9-Hexachlorodibenzofuran  72918-21-9
1,2,3,7,8-Pentachlorodibenzofuran  57117-41-6
1,2,3,7,8-Pentachlorodibenzo-p -dioxin  40321-76-4
2,3,4,6,7,8-Hexachlorodibenzofuran  60851-34-5
2,3,4,7,8-Pentachlorodibenzofuran  57117-31-4
2,3,7,8-Tetrachlorodibenzo-p -dioxin 1746-01-6
2,3,7,8-Tetrachlorodibenzofuran  51207-31-9
Octachlorodibenzo-p -dioxin 3268-87-9
Octachlorodibenzofuran  39001-02-0
Total tetrachlorinated dioxins 41903-57-5
Total pentachlorinated dioxins 36088-22-9
Total hexachlorinated dioxins 34465-46-8
Total heptachlorinated dioxins 37871-00-4
Total tetrachlorinated furans 30402-14-3
Total pentachlorinated furans 30402-15-4
Total hexachlorinated furans 55684-94-1
Total heptachlorinated furans 38998-75-3

Phenol 108-95-2

Dioxins/Furans

Semivolatile Organic Compounds

Organics
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Analyte CAS Number

Table 1-4
Analytes for Sediments Collected South of I-10 in 2012

Carbazole 86-74-8
Bis(2-ethylhexyl)phthalate 117-81-7

Notes
CAS = Chemical Abstract Service
PCB = polychlorinated biphenyl
a - Reported as a co-elution.
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Analyte CAS Number

Aluminum 7429-90-5 
Arsenic 7440-38-2
Barium 7440-39-3
Cadmium 7440-43-9
Chromium 7440-47-3
Cobalt 7440-48-4
Copper 7440-50-8 
Lead 7439-92-1
Magnesium 7439-95-4 
Manganese 7439-96-5
Nickel 7440-02-0
Thallium 7440-28-0
Vanadium 7440-62-2
Zinc 7440-66-6
Mercury 7439-97-6

Acetone 67-64-1
Benzene 71-43-2
Bromobenzene 108-86-1
Bromochloromethane 74-97-5
Bromodichloromethane 75-27-4
Bromoform 75-25-2
Bromomethane 74-83-9
2-Butanone 78-93-3
n-Butylbenzene 104-51-8
sec-Butylbenzene 135-98-8
tert-Butylbenzene 98-06-6
Carbon disulfide 75-15-0
Carbon tetrachloride 56-23-5
Chlorobenzene 108-90-7
Chloroethane 75-00-3
Chloroform 67-66-3
Chloromethane 74-87-3
2-Chlorotoluene 95-49-8
4-Chlorotoluene 106-43-4
1,2-Dibromo-3-chloropropane 96-12-8
Dibromochloromethane 124-48-1
1,2-Dibromoethane 106-93-4
Dibromomethane 74-95-3
1,2-Dichlorobenzene 95-50-1

Metals 

Organics

Table 1-5

USEPA Required non-COPC VOCs

Analytes for Groundwater Collected as Part of the Phase II 
Investigation South of I-10



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 2 May 2013

Analyte CAS Number
 

Table 1-5
Analytes for Groundwater Collected as Part of the Phase II 

Investigation South of I-10

1,3-Dichlorobenzene 541-73-1
1,4-Dichlorobenzene 106-46-7
Dichlorodifluoromethane 75-71-8
1,1-Dichloroethane 75-34-3
1,2-Dichloroethane 107-06-2
1,1-Dichloroethene 75-35-4
cis-1,2-Dichloroethene 156-59-2
trans-1,2-Dichloroethene 156-60-5
1,2-Dichloropropane 78-87-5
1,3-Dichloropropane 142-28-9
2,2-Dichloropropane 594-20-7
1,1-Dichloropropene 563-58-6
cis-1,3-Dichloropropene 10061-01-5
trans-1,3-Dichloropropene 10061-02-6
Ethylbenzene 100-41-4
Hexachlorobutadiene 87-68-3
2-Hexanone 591-78-6
Isopropylbenzene 98-82-8
4-Isopropyltoluene 99-87-6
4-Methyl-2-pentanone 108-10-1
Methylene chloride 75-09-2
Naphthalene 91-20-3
n-Propylbenzene 103-65-1
Styrene 100-42-5
1,1,1,2-Tetrachloroethane 630-20-6
1,1,2,2-Tetrachloroethane 79-34-5
Tetrachloroethene 127-18-4
Toluene 108-88-3
1,2,3-Trichlorobenzene 87-61-6
1,2,4-Trichlorobenzene 120-82-1
1,1,2-Trichloroethane 79-00-5
1,1,1-Trichloroethane 71-55-6
Trichloroethene 79-01-6
Trichlorofluoromethane 75-69-4
1,2,3-Trichloropropane 96-18-4
1,2,4-Trimethylbenzene 95-63-6
1,3,5-Trimethylbenzene 108-67-8
Vinyl chloride 75-01-4
o-Xylene (total xylenes) 95-47-6
m,p-Xylenes (total xylenes) 179601-23-1
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Analyte CAS Number
 

Table 1-5
Analytes for Groundwater Collected as Part of the Phase II 

Investigation South of I-10

1,2,3,4,6,7,8-Heptachlorodibenzo-p -dioxin 35822-46-9
1,2,3,4,6,7,8-Heptachlorodibenzofuran  67562-39-4
1,2,3,4,7,8,9-Heptachlorodibenzofuran  55673-89-7
1,2,3,4,7,8-Hexachlorodibenzo-p -dioxin 39227-28-6
1,2,3,4,7,8-Hexachlorodibenzofuran  70648-26-9
1,2,3,6,7,8-Hexachlorodibenzo-p -dioxin 57653-85-7
1,2,3,6,7,8-Hexachlorodibenzofuran  57117-44-9
1,2,3,7,8,9-Hexachlorodibenzo-p -dioxin 19408-74-3
1,2,3,7,8,9-Hexachlorodibenzofuran  72918-21-9
1,2,3,7,8-Pentachlorodibenzofuran  57117-41-6
1,2,3,7,8-Pentachlorodibenzo-p -dioxin  40321-76-4
2,3,4,6,7,8-Hexachlorodibenzofuran  60851-34-5
2,3,4,7,8-Pentachlorodibenzofuran  57117-31-4
2,3,7,8-Tetrachlorodibenzo-p -dioxin 1746-01-6
2,3,7,8-Tetrachlorodibenzofuran  51207-31-9
Octachlorodibenzo-p -dioxin 3268-87-9
Octachlorodibenzofuran  39001-02-0
Total tetrachlorinated dioxins 41903-57-5
Total pentachlorinated dioxins 36088-22-9
Total hexachlorinated dioxins 34465-46-8
Total heptachlorinated dioxins 37871-00-4
Total tetrachlorinated furans 30402-14-3
Total pentachlorinated furans 30402-15-4
Total hexachlorinated furans 55684-94-1
Total heptachlorinated furans 38998-75-3

PCB Aroclors (ug/kg-dry weight)
Aroclor-1016 12674-11-2
Aroclor-1221 11104-28-2
Aroclor-1232 11141-16-5
Aroclor-1242 53469-21-9
Aroclor-1248 12672-29-6
Aroclor-1254 11097-69-1
Aroclor-1260 11096-82-5
Aroclor-1262 37324-23-5
Aroclor-1268 11100-14-4
Total PCBs NA

Carbazole 86-74-8
Phenol 108-95-2
Bis(2-ethylhexyl)phthalate 117-81-7

Semivolatile Organic Compounds

Organics
Dioxins/Furans
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Analyte CAS Number
 

Table 1-5
Analytes for Groundwater Collected as Part of the Phase II 

Investigation South of I-10

2,4,5-Trichlorophenol 95-95-4
2,4,6-Trichlorophenol 88-06-2
2,4-Dichlorophenol 120-83-2
2,4-Dimethylphenol 105-67-9
2,4-Dinitrophenol 51-28-5
2,4-Dinitrotoluene 121-14-2
2,6-Dinitrotoluene 606-20-2
2-Chloronaphthalene 91-58-7
2-Chlorophenol 95-57-8
2-Methyl-4,6-dinitrophenol 534-52-1
2-Methylnaphthalene 91-57-6
2-Methylphenol 95-48-7
2-Nitroaniline 88-74-4
2-Nitrophenol 88-75-5
3,3'-Dichlorobenzidine 91-94-1
3-Nitroaniline 99-09-2
4-Bromophenyl phenyl ether 101-55-3
4-Chloro-3-methylphenol 59-50-7
4-Chloroaniline 106-47-8
4-Chlorophenyl phenyl ether 7005-72-3
4-Methylphenol 106-44-5
4-Nitroaniline 100-01-6
4-Nitrophenol 100-02-7
Acenaphthene 83-32-9
Acenaphthylene 208-96-8
Anthracene 120-12-7
Benz[a]anthracene 56-55-3
Benzo[a]pyrene 50-32-8
Benzo[b]fluoranthene 205-99-2
Benzo[ghi]perylene 191-24-2
Benzo[k]fluoranthene 207-08-9
Benzoic acid 65-85-0
Benzyl alcohol 100-51-6
Bis(2-chloroethoxy)methane 111-91-1
Bis(2-chloroethyl) ether 111-44-4
Bis(2-chloroisopropyl) ether 39638-32-9
Bis(2-ethylhexyl) phthalate 117-81-7
Butyl benzyl phthalate 85-68-7
Chrysene 218-01-9
Dibenz[a,h]anthracene 53-70-3
Dibenzofuran 132-64-9

USEPA Required non-COPC SVOCs
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Analyte CAS Number
 

Table 1-5
Analytes for Groundwater Collected as Part of the Phase II 

Investigation South of I-10

Diethyl phthalate 84-66-2
Dimethyl phthalate 131-11-3
Di-n-butyl phthalate 84-74-2
Di-n-octyl phthalate 117-84-0
Fluoranthene 206-44-0
Fluorene 86-73-7
Hexachlorobenzene 118-74-1
Hexachlorocyclopentadiene 77-47-4
Hexachloroethane 67-72-1
Indeno[1,2,3-cd]pyrene 193-39-5
Isophorone 78-59-1
Nitrobenzene 98-95-3
N-Nitrosodi-n-propylamine 621-64-7
N-Nitrosodiphenylamine 86-30-6
Pentachlorophenol 87-86-5
Phenanthrene 85-01-8
Phenol 108-95-2
Pyrene 129-00-0

Total Suspended Solids none
Total Dissolved Solids none

Notes
CAS = Chemical Abstract Service
COPC = chemical of potential concern
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
USEPA = U.S. Environmental Protection Agency
VOC = volatile organic compound

Conventionala

a - Additional conventional data consisting of turbidity, dissolved 
oxygen, specific conductance, temperature, pH and 
oxidation/reduction potential were collected with field instruments 
during development, purging and sampling activities.



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 1 May 2013

TCRA Removal Action 
Work Plan 

Anchor QEA, 2010.  Final Removal Action Work Plan, Time Critical Removal Action, San Jacinto River Waste Pits 
Superfund Site.  Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and 
U.S. Environmental Protection Agency, Region 6.  Anchor QEA, Ocean Springs, MS. November 2010. Revised 
February 2011.

11/8/2011

TxDOT Right-of-Way 
FSP

Anchor QEA, 2010.  TXDOT Right-of-Way Field Sampling Plan. Prepared for McGinnes Industrial Maintenance 
Corporation and International Paper Company. Anchor QEA, Ocean Springs, MS. August 2010.

NA

RI/FS Work Plan Anchor QEA and Integral, 2010.  Final Remedial Investigation/Feasibility Study Work Plan, San Jacinto Waste 
Pits Superfund Site. Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, 
and U.S. Environmental Protection Agency, Region 6.  Anchor QEA, LLC, Ocean Springs, MS, and Integral 
Consulting Inc., Seattle, WA.  November 2010.

11/2/2010

TCRA FSP Anchor QEA and Integral, 2010.  Draft Time Critical Removal Action Sediment Field Sampling Plan, San Jacinto 
River Waste Pits Superfund Site. Prepared for McGinnes Industrial Maintenance Corporation, International 
Paper Company, and U.S. Environmental Protection Agency, Region 6.  Anchor QEA, LLC, Ocean Springs, MS, 
and Integral Consulting Inc., Seattle, WA.  April 2010. 

4/26/2012

TCRA Removal Action 
Work Plan Addendum

Anchor QEA and Integral, 2010.  Addendum to the Removal Action Work Plan (RAWP) for the Time Critical 
Removal Action (TCRA), San Jacinto River Waste Pits Superfund Site.  Prepared for McGinnes Industrial 
Maintenance Corporation, International Paper Company, and U.S. Environmental Protection Agency, Region 6.  
Anchor QEA, Ocean Springs, MS, and Integral Consulting, Seattle, WA. November 2010.

2/10/2011

Tissue SAP Integral, 2010.  Sampling and Analysis Plan: Tissue Study, San Jacinto River Waste Pits Superfund Site. Prepared 
for McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. Environmental 
Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA.  September 2010.

9/24/2010

Bioaccumulation Tech 
Memo

Integral, 2010.  Technical Memorandum on Bioaccumulation Modeling, San Jacinto River Waste Pits Superfund 
Site.  Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. 
Environmental Protection Agency, Region 6. Integral Consulting Inc., Seattle, WA.  September 2010.

9/24/2010

Table 2-1
RI/FS Project Documents

Informal 
Document Title Complete Citation

Approval 
Date



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 2 May 2013

Table 2-1
RI/FS Project Documents

Informal 
Document Title Complete Citation

Approval 
Date

Cedar Bayou Tissue SAP
Addendum

Integral, 2010d.  Addendum to the Sampling and Analysis Plan (SAP):  Tissue Study, San Jacinto River Waste Pits 
Superfund Site. Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and 
U.S. Environmental Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA.  September 2010.

9/29/2010

Sediment SAP Integral and Anchor QEA, 2010.  Sampling and Analysis Plan: Sediment Study, San Jacinto River Waste Pits 
Superfund Site. Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and 
U.S. Environmental Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA, and Anchor QEA, LLC, 
Ocean Springs, MS.  April 2010. 

4/26/2010

Bathymetric Survey FSP Anchor QEA, 2011.  Bathymetric Survey Field Sampling Plan, San Jacinto River Waste Pits Superfund Site.  
Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. 
Environmental Protection Agency, Region 6. Anchor QEA, LLC, Ocean Springs, MS.  March 2011.

3/21/2011

Current Velocity Study 
FSP

Anchor QEA, 2011.  Current Velocity Study Field Sampling Plan, San Jacinto River Waste Pits Superfund Site.  
Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. 
Environmental Protection Agency, Region 6. Anchor QEA, LLC, Ocean Springs, MS.  May 2011.

5/3/2011

Bed Property Study FSP Anchor QEA, 2011.  Bed Property Study Field Sampling Plan, San Jacinto River Waste Pits Superfund Site.  
Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. 
Environmental Protection Agency, Region 6. Anchor QEA, LLC, Ocean Springs, MS.  March 2011.

3/21/2011

Upstream Sediment 
Load Study FSP

Anchor QEA, 2011.  Upstream Sediment Load Study Field Sampling Plan, San Jacinto River Waste Pits Superfund 
Site.  Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. 
Environmental Protection Agency, Region 6. Anchor QEA, LLC, Ocean Springs, MS.  May 2011.

5/18/2011

Sedflume Study FSP Anchor QEA, 2011.  Sedflume Study Field Sampling Plan, San Jacinto River Waste Pits Superfund Site.  Prepared 
for McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. Environmental 
Protection Agency, Region 6. Anchor QEA, LLC, Ocean Springs, MS.  May 2011.

5/20/2011

Radioisotope Coring 
Study FSP

Anchor QEA, 2011.  Radioisotope Coring Study Field Sampling Plan, San Jacinto River Waste Pits Superfund Site.  
Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. 
Environmental Protection Agency, Region 6. Anchor QEA, LLC, Ocean Springs, MS.  May 2011.

5/5/2011
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Table 2-1
RI/FS Project Documents

Informal 
Document Title Complete Citation

Approval 
Date

Groundwater SAP Anchor QEA and Integral,  2011.  Final Groundwater Study Sampling and Analysis Plan, San Jacinto River Waste 
Pits Superfund Site.  Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, 
and U.S. Environmental Protection Agency, Region 6.  Anchor QEA, LLC, Ocean Springs, MS, and Integral 
Consulting Inc., Seattle, WA.  January 2011.

12/23/2010 a

Chemical Fate and 
Transport SAP 
Addendum

Anchor QEA and Integral, 2011.  Sampling and Analysis Plan Addendum, Chemical Fate and Transport Modeling 
Study, San Jacinto River Waste Pits Superfund Site.  Prepared for McGinnes Industrial Maintenance 
Corporation, International Paper Company, and U.S. Environmental Protection Agency, Region 6.  Anchor QEA, 
LLC, Ocean Springs, MS, and Integral Consulting Inc., Seattle, WA.  January 2011.

1/10/2011

FSR: Groundwater 
Study

Anchor QEA and Integral, 2011.  Field Sampling Report:  Groundwater Study, San Jacinto River Waste Pits 
Superfund Site. Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and 
U.S. Environmental Protection Agency, Region 6.  Anchor QEA, LLC, Ocean Springs, MS, and Integral Consulting 
Inc., Seattle, WA.  July 2011. 

NA

COPC Tech Memo Integral, 2011.  COPC Technical Memorandum, San Jacinto River Waste Pits Superfund Site.  Prepared for 
McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. Environmental 
Protection Agency, Region 6. Integral Consulting Inc., Seattle, WA.  May 2011.

5/5/2011

FSR: 2010 Tissue Study Integral, 2011.  Field Sampling Report:  Tissue Study, San Jacinto River Waste Pits Superfund Site.  Prepared for 
McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. Environmental 
Protection Agency, Region 6. Integral Consulting Inc., Seattle, WA.  July 2011.

NA

Soil SAP Integral, 2011.  Soil Sampling and Analysis Plan, San Jacinto River Waste Pits Superfund Site. Prepared for 
McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. Environmental 
Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA.  January 2011.

1/10/2011

Soil SAP 
Addendum 1

Integral, 2011.  Sampling and Analysis Plan: Soil Study, Addendum 1, San Jacinto River Waste Pits Superfund 
Site. Prepared for International Paper Company and U.S. Environmental Protection Agency, Region 6.  Integral 
Consulting Inc., Seattle, WA.  March 2011.

3/4/2011

Data Interpretation 
Memo

Integral, 2011. Data Interpretation Methods for the San Jacinto River Waste Pit RI/FS. Prepared for U.S. 
Environmental Protection Agency. Integral Consulting Inc., Seattle, WA. October 2010.

NA
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Table 2-1
RI/FS Project Documents

Informal 
Document Title Complete Citation

Approval 
Date

Soil SAP 
Addendum 2

Integral, 2011.  Sampling and Analysis Plan: Soil Study, Addendum 2 for Residential Soil Sampling, San Jacinto 
River Waste Pits Superfund Site. Prepared for International Paper Company and U.S. Environmental Protection 
Agency, Region 6. Integral Consulting Inc., Seattle, WA.  June 2011. 

8/3/2011

Tissue SAP 
Addendum 1

Integral, 2011. Memorandum, October 5, 2011, Addendum 1 to the Tissue Sampling and Analysis Plan (SAP): 
Tissue Study for Additional Background Catfish and Crab Tissue Sampling, San Jacinto River Waste Pits Site.  
Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. 
Environmental Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA. October 2011.

10/3/2011

FSR: 2010 Sediment 
Study

Integral and Anchor QEA, 2011.  Field Sampling Report:  2010 Sediment Study, San Jacinto River Waste Pits 
Superfund Site. Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and 
U.S. Environmental Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA, and Anchor QEA, Ocean 
Springs, MS.  July 2011. 

NA

Sediment SAP 
Addendum 1

Integral and Anchor QEA, 2011.  Addendum 1 to the Sediment Sampling and Analysis Plan (SAP) for Additional 
Upstream Sediment Sampling, San Jacinto River Waste Pits Superfund Site.  Prepared for McGinnes Industrial 
Maintenance Corporation, International Paper Company, and U.S. Environmental Protection Agency, Region 6.  
Integral Consulting Inc., Seattle, WA, and  Anchor QEA, LLC, Ocean Springs, MS.  October 2011.

10/3/2011

Data Gaps Memo Integral and Anchor QEA, 2011. Summary of RI/FS Data Gaps and Sampling Proposal Outline, San Jacinto River 
Waste Pits Superfund Site. Prepared for McGinnes Industrial Maintenance Corporation, International Paper 
Company, and U.S. Environmental Protection Agency, Region 6. Integral Consulting Inc., Seattle, WA, and 
Anchor QEA, LLC, Ocean Springs, MS. September 2011.

NA

Draft PSCR Integral and Anchor QEA, 2011. Draft Preliminary Site Characterization Report, San Jacinto River Waste Pits 
Superfund Site. Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and 
U.S. Environmental Protection Agency, Region 6. Integral Consulting Inc., Seattle, WA, and Anchor QEA, LLC, 
Ocean Springs, MS. July.

NA
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Table 2-1
RI/FS Project Documents

Informal 
Document Title Complete Citation

Approval 
Date

FSR: 2010-2011 Soil 
Study

Integral and Anchor QEA, 2011.  Field Sampling Report:  2010-2011 Soil Study, San Jacinto River Waste Pits 
Superfund Site. Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and 
U.S. Environmental Protection Agency, Region 6. Integral Consulting Inc., Seattle, WA, and  Anchor QEA, LLC, 
Ocean Springs, MS.  July 2011. 

NA

Chemical Fate and 
Transport Modeling 
Study

Anchor QEA, 2012. Chemical Fate and Transport Modeling Report, San Jacinto Waste Pits Superfund Site. 
Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. 
Environmental Protection Agency, Region 6. Anchor QEA, LLC, Ocean Springs, MS. October 2012.

10/11/2012

RA Memo Anchor QEA 2012. Final Remedial Alternatives Memorandum, San Jacinto Waste Pits Superfund Site. Prepared 
for McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. Environmental 
Protection Agency, Region 6. Anchor QEA, LLC, Ocean Springs, MS. December.

11/15/2012

FSR: 2012 Cap 
Porewater Study

Anchor QEA, In press. Field Sampling Report: 2012 Cap Porewater Assessment Study, San Jacinto Waste Pits 
Superfund Site. Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and 
U.S. Environmental Protection Agency, Region 6. Anchor QEA, LLC, Ocean Springs, MS.

Pending

Groundwater SAP
Addendum 1

Anchor QEA and Integral, 2012.  Revised Addendum 1 to the Groundwater Study Sampling and Analysis Plan for 
Additional Groundwater Sampling South of Interstate Highway 10, San Jacinto River Waste Pits Superfund Site.  
Prepared for and International Paper Company and U.S. Environmental Protection Agency Region 6.  Anchor 
QEA, LLC, Ocean Springs, MS, and Integral Consulting Inc., Seattle, WA.  April 2012.

4/11/2012

FSR: 2012 Addendum 1 
Groundwater Study 

Anchor QEA and Integral, 2012. Draft Field Sampling Report, Addendum 1, Groundwater Study,  San Jacinto 
River Waste Pits Site.  Prepared for International Paper Company and U.S. Environmental Protection Agency, 
Region 6.  Anchor QEA, LLC, Ocean Springs, MS, and Integral Consulting Inc., Seattle, WA.  September 2012.

Pending

EA Memo Integral, 2012.  Exposure Assessment Memorandum, San Jacinto River Waste Pits Superfund Site. Prepared for 
McGinnes Industrial Maintenance Corporation, International Paper Company and U.S. Environmental 
Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA.  May 2012.

10/4/2012
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Table 2-1
RI/FS Project Documents

Informal 
Document Title Complete Citation

Approval 
Date

TES Memo Integral, 2012.  Toxicological and Epidemiological Studies Memorandum, San Jacinto River Waste Pits 
Superfund Site. Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company and 
U.S. Environmental Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA.  May 2012.

10/4/2012

BERA Integral, 2012.  Baseline Ecological Risk Assessment, San Jacinto River Waste Pits Superfund Site. Prepared for 
McGinnes Industrial Maintenance Corporation, International Paper Company and U.S. Environmental 
Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA.  August 2012.

Pending

Soil SAP 
Addendum 3

Integral, 2012.  Addendum 3 to the Soil Sampling and Analysis Plan (SAP) for Additional Soil Sampling South of 
Interstate Highway 10 (I-10), San Jacinto River Waste Pits Superfund Site. Prepared for International Paper 
Company and U.S. Environmental Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA.  April 
2012.

4/11/2012

Draft BHHRA Integral, 2012.  Draft Baseline Human Health Risk Assessment, San Jacinto River Waste Pits Superfund Site. 
Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company and U.S. 
Environmental Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA.  December 2012.

Pending

FSR: 2011-2012 
Sediment Study
Study

Integral, 2012.  Field Sampling Report: 2011-2012 Sediment Study, San Jacinto Waste Pits Superfund Site. 
Prepared for International Paper Company and U.S. Environmental Protection Agency, Region 6.  Integral 
Consulting Inc., Seattle, WA. November 2012.

NA

FSR: 2011 Tissue 
Study

Integral, 2012.  Field Sampling Report: 2011 Tissue Study, San Jacinto Waste Pits Superfund Site. Prepared for 
McGinnes Industrial Maintenance Corporation, International Paper Company, and U.S. Environmental 
Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA.  November 2012.

NA

FSR: 2012 Soil Study
Study

Integral, 2012.  Field Sampling Report: 2012 Soil Study, San Jacinto Waste Pits Superfund Site. Prepared for 
International Paper Company and U.S. Environmental Protection Agency, Region 6.  Integral Consulting Inc., 
Seattle, WA.  November 2012.

NA

PSCR Integral and Anchor QEA, 2012.  Preliminary Site Characterization Report, San Jacinto River Waste Pits 
Superfund Site.  Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and 
U.S. Environmental Protection Agency, Region 6. Integral Consulting Inc., Seattle, WA, and Anchor QEA, LLC, 
Ocean Springs, MS.  February 2012.

12/8/2011;
1/5/2012 a,b
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Table 2-1
RI/FS Project Documents

Informal 
Document Title Complete Citation

Approval 
Date

TCRA Cap Porewater
Assessment SAP

Integral and Anchor QEA, 2012. Sampling and Analysis Plan: TCRA Cap Porewater Assessment, San Jacinto River 
Waste Pits Site.  Prepared for McGinnes Industrial Maintenance Corporation, International Paper Company, and 
U.S. Environmental Protection Agency, Region 6.  Integral Consulting Inc., Seattle, WA, and Anchor QEA, LLC, 
Ocean Springs, MS. May 2012.

5/9/2012

Sediment SAP 
Addendum 2

Integral and Anchor QEA, 2012. Addendum 2 to the Sediment Sampling and Analysis Plan (SAP) for Additional 
Sediment Sampling South of Interstate Highway 10 (I-10), San Jacinto River Waste Pits Superfund Site.  
Prepared for International Paper Company and U.S. Environmental Protection Agency, Region 6.  April 2012.

4/11/2012

Notes

COPC = chemical of potential concern
FSP = field sampling plan
FSR = field sampling report
NA = not applicable, approval not required
QA/QC = quality assurance/quality control
RI/FS = remedial investigation/feasibility study
SAP = sampling and analysis plan
TCRA = time critical removal action
TXDOT = Texas Department of Transportation
USEPA = U.S. Environmental Protection Agency

b - Respondents were directed by USEPA on December 8, 2011, to prepare responses to USEPA comments on the Draft PSCR. USEPA approved the 
responses on January 5, 2012 and was finalized in February 2012.

a - Agency approval pre-dated the formal final submittal.
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Study a

First 
Sampling 

Date

Last 
Sampling 

Date
Surface 

Samples b

Number of 
Surface Sampling 
Locations within 

USEPA's 
Preliminary Site 

Perimeter

Number of 
Surface 

Samples c
Core 

Samples

Number of 
Core Sampling 

Locations within 
USEPA's 

Preliminary Site 
Perimeter

Number of 
Samples from 

Cores c Analytes

Data
Validation
Category Use(s) in RI/FS

Time Critical Removal Action 
Sediment Study - 
Anchor QEA and Integral 
(2010b)

04/13/10 04/15/10 Yes 25 25 No 0 0 Dioxins and 
Furans
TOC

1 Nature and extent

2010 Sediment Study - 
Integral and Anchor QEA 
(2010a)

05/06/10;
10/25/10

06/01/10;
10/29/10

Yes 103 103 Yes 55 187 PCBs
Dioxins and 
Furans
Metals
SVOCs
VOCs
TOC
Grain Size

1 Nature and extent;
exposure evaluation

Cedar Bayou Sediment 
Sampling - 
Anchor QEA and Integral 
(2010c)

08/26/10 08/26/10 Yes 20 20 No 0 0 Dioxins and 
Furans
TOC
Grain Size

1 Background tissue 
location confirmation 
only; these data not 
otherwise used in the RI

Data Gaps Upstream 
Sediment Sampling - 
Integral and Anchor QEA 
(2011b)

10/05/11 10/07/11 Yes 20 10 No 0 0 Dioxins and 
Furans
TOC
Grain Size (all 
locations)

1 Nature and extent; 
exposure evaluation

Additional Sediment   
Sampling South of I-10 -
Integral and Anchor QEA 
(2012c)

04/30/12 04/30/12 No 0 0 Yes 4 12 PCBs
Dioxins and 
Furans
Metals
SVOCs
TOC
Grain Size

1 Nature and extent;
exposure evaluation

Notes

PCB = polychlorinated biphenyl TOC = total organic carbon VOC = volatile organic compound
RI = remedial investigation SVOC = semivolatile organic compound USEPA = U.S. Environmental Protection Agency
RI/FS = remedial investigation/feasibility study

Table 2-2
Summary of RI Sediment Studies 

b - Only surface grabs collected independent of cores are counted here; the surface interval of core samples is not counted among the surface samples.
c - Numbers do not include QA/QC samples.

a - Reference corresponds to the Sampling and Analysis Plan governing the study in question.
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Study a
Species Common 

Name First Date Last Date Tissue Type
Number of 
Locations

Number of  
Samples within 

USEPA's 
Preliminary Site 

Perimeter

Number of
Background

Samples Analytes

Data
Validation
Category Use(s) in RI/FS

2010 Tissue Study - 
Integral (2010b)

Hardhead catfish 09/03/10 10/12/10 Fillet, skin off 5 30 10 Dioxins and Furans
PCBs
Metals
SVOCs

1 BHHRA, BSR

2010 Tissue Study - 
Integral (2010b)

Hardhead catfish 09/03/10 10/12/10 Remainders of fish 
from fillets 
collected above

5 10 8 Dioxins and Furans
PCBs
Metals
SVOCs

1 BERA

2010 Tissue Study - 
Integral (2010b)

Gulf killifish 09/03/10 10/12/10 Whole body 5 10 8 Dioxins and Furans
PCBs
Metals
SVOCs

1 BERA

2010 Tissue Study - 
Integral (2010b)

Common rangia 09/03/10 10/12/10 All edible tissue 5 25 10 Dioxins and Furans
PCBs
Metals
SVOCs

1 BERA, BHHRA, 
BSR

2010 Tissue Study - 
Integral (2010b)

Blue crabs 09/03/10 10/12/10 All edible tissue 5 30 10 Dioxins and Furans
PCBs
Metals
SVOCs

1 BHHRA

2010 Tissue Study - 
Integral (2010b)

Blue crabs 09/03/10 10/12/10 Remainders of 
crab from edible 
tissue collected 
above

5 9 3 Dioxins and Furans
PCBs
Metals
SVOCs

1 BERA

Data Gaps Background Tissue 
Sampling - 
Integral and Anchor QEA 
(2011c)

Hardhead catfish 10/06/11 10/12/11 Fillet, skin off 1 0 10 Dioxins and Furans 1 BHHRA

Data Gaps Background Tissue 
Sampling - 
Integral and Anchor QEA 
(2011c)

Blue crabs 10/06/11 10/12/11 All edible tissue 1 0 10 Dioxins and Furans 1 BHHRA

Notes

BERA = baseline ecological risk assessment PCB = polychlorinated biphenyl SVOC = semivolatile organic compound
BSR = biota-sediment relationships RI = remedial investigation USEPA = U.S. Environmental Protection Agency
BHHRA = baseline human health risk assessment RI/FS = remedial investigation/feasibility study

Table 2-3
Summary of RI Tissue Studies 

a - Reference corresponds to the Sampling and Analysis Plan governing the study in question.
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TEQ concentrations  (pg/g, expressed as TEQDF Mammals) b

Species Minimum Mean Maximum 95% UCL f N Minimum Mean Maximum 95% UCL f N Minimum Mean Maximum 95% UCL f N

Blue crab g 1.4 5.5 14 8.3 h 8 0.48 2.6 8.0 9.3 h,i 5 0.37 4.3 16 4.7 127

Hardhead catfish j 5.8 12 15 NC 4 15 15 15 NC 1 0.78 7.2 19 7.9 82

Blue catfish j 3.0 5.5 8.9 NC 4 0.82 2.0 4.1 2.9 h 7 0.20 5.4 37 9.1 52

Concentrations of PCBs (mg/kg, Totals as Sum of Aroclors k) 

Species Minimum Mean Maximum 95% UCL f N Minimum Mean Maximum 95% UCL f N Minimum Mean Maximum 95% UCL f N

Blue crab g 0.12 0.13 0.14 NC 4 0.12 0.12 0.12 NC 2 0.12 0.13 0.24 0.14 52

Hardhead catfish j 0.12 0.12 0.12 NC 1 -- -- -- -- -- 0.12 0.16 0.29 0.18 35

Blue catfish j 0.12 0.14 0.17 NC 3 0.12 0.25 0.58 NC 4 0.12 0.27 1.3 0.57 18

Notes
-- = no data available
N = total number of samples
NC = not calculated by ProUCL (Version 4.00.02). Dataset is too small to compute reliable and meaningful statistics.
PCB = polychlorinated biphenyl
TEF = toxicity equivalence factor
TEQDF = toxic equivalents for dioxins and furans
UCL = upper confidence limit

a - Concentrations are calculated by taking non-detected values at one-half the detection limit. 
b - TEQs are calculated using World Health Organization 2005 TEFs (Van den Berg et al. 2006).
c - Samples at site (11193 and TDSHS_FishLoc85).
d - Samples upstream of Site in the San Jacinto River (11197, 11200, 16622).

f - UCLs were calculated using ProUCL (Version 4.00.02), and the statistic presented is that recommended by the program based on the distribution of the data.
g - Edible tissue
h - Program output noted that given the small sample size, the resulting UCL may not be reliable enough to draw conclusions.
i - Recommended UCL exceeds maximum observation.
j - Tissue reported as edible or fillet.
k - Includes Aroclors 1016, 1221, 1232, 1242, 1248, 1254, and 1260.

Within USEPA's Preliminary Site Perimeter c Upstream d of US EPA's Preliminary Site Perimeter Outside of US EPA's Preliminary Site Perimeter e

e - All  samples outside of  US EPA's Preliminary Site Perimeter in the San Jacinto River and the Buffalo Bayou (11197, 11200, 16622, 13343, 13344, 16496, DSHS_FishLoc84, 11261, 11264, 11265, 
11272, 11273, 15979, 11270, 11274, 11280, 11298, 11300, 11287, 11302, 11305, 11292, 11382, 11347, TDSHS_FishLoc83, 13342, 17971, 11258, 16618, 16499, 13339, 13340, 13341, 13337, 13336, 
13338, 17970, 13355, 11252, TDSHS_FishLoc82).

Table 2-4

Within USEPA's Preliminary Site Perimeter c Upstream d of US EPA's Preliminary Site Perimeter Outside of US EPA's Preliminary Site Perimeter e

Concentrationsa of TEQDF and Total PCBs in Catfish and Blue Crab Fillets Collected from 2000 to 2004 in the Vicinity of the San Jacinto River Waste Pits Superfund Site
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Study a

First 
Sampling 

Date

Last 
Sampling 

Date
Core 

Samples

Number of 
Core Sampling 

Locations within 
USEPA's Preliminary 

Site Perimeter
Number of Samples 

from Cores b Analytes

Data
Validation
Category Use(s) in RI/FS

TxDOT Right-of-Way 
Sampling - 
Anchor QEA (2010b)

08/11/10 08/12/10 Yes 12 14 PCBs
Dioxins and 
Furans
Metals
SVOCs
VOCs
Grain Size

1 Document Right-of-
Way conditions

Soil Sampling North 
of I-10 - 
Integral (2010a)

10/26/10 10/29/10 Yes 6 12 Dioxins and 
Furans
Metals
BEHP
TOC
Grain Size

1 Nature and extent, 
exposure analysis

Proposed Laydown Area 
Sampling -
Anchor QEA and Integral 
(2010b)

11/15/10 11/16/10 Yes 13 26 Dioxins and 
Furans
PPL (select 
samples)
TOC

1 TCRA Access

Northern Impoundments 
Groundwater Monitoring 
Well Soil Sampling - 
Integral (2010a)

12/30/10 01/08/11 Yes 3 6 Dioxins and 
Furans
Mercury
Metals
BEHP
TOC
Grain Size

1 Nature and extent, 
exposure analysis

Upland Sand Separation Area 
and Background Area 
Sampling -
Integral (2010a)

02/10/11 02/14/11 Yes 38 84 PCBs
Dioxins and 
Furans
Metals
SVOCs
VOCs
TOC
Grain Size

1 Nature and extent, 
exposure analysis, 
fate and transport

Table 2-5
Summary of RI Soil Studies 
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Study a

First 
Sampling 

Date

Last 
Sampling 

Date
Core 

Samples

Number of 
Core Sampling 

Locations within 
USEPA's Preliminary 

Site Perimeter
Number of Samples 

from Cores b Analytes

Data
Validation
Category Use(s) in RI/FS

Table 2-5
Summary of RI Soil Studies 

Sampling in Soil Investigation 
Area 4, Phase I  -
Integral (2011d)

03/10/11 03/14/11 Yes 13 94 PCBs
Dioxins and 
Furans
Metals
SVOCs
VOCs
TOC
Grain Size

1 Nature and extent, 
exposure analysis, 
fate and transport

Sampling in Soil Investigation 
Area 4, Phase II - 
Integral (2012d)

05/01/12 05/07/12 Yes 16 156 PCBs
Dioxins and 
Furans
Metals
SVOCs
VOCs
TOC
Grain Size

1 Nature and extent, 
exposure analysis, 
fate and transport

Notes

BEHP = bis(2-ethylhexyl)phthalate
PCB = polychlorinated biphenyl
PPL = priority pollutants list (cyanide, metals, pesticides, Aroclors, SVOCs, VOCs, asbestos)
RI = remedial investigation
RI/FS = remedial investigation/feasibility study
TOC = total organic carbon
TCRA = time critical removal action
TxDOT = Texas Department of Transportation
SVOC = semivolatile organic compound
VOC = volatile organic compound
USEPA = U.S. Environmental Protection Agency

b - Numbers do not include QA/QC samples.
a - Reference corresponds to the Sampling and Analysis Plan governing the study in question.
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Study

First 
Sampling 

Date

Last 
Sampling 

Date

Number of 
Monitoring Well 
Locations within 

USEPA's Preliminary 
Site Perimeter

Number of 
Shallow 

Groundwater 
Samples

Number of 
Deep Groundwater 

Samples Analytes

Data
Validation
Category Use(s) in RI/FS

Groundwater Study North 
of I-10 -
Anchor QEA and Integral (2011a)

12/28/10 01/08/11 7 4 3 PCBs
Dioxins and Furans
Metals
SVOCs
TSS

1 Nature and extent, fate 
and transport

Groundwater Study South 
of I-10 -
Anchor QEA and Integral (2012a)

05/01/12 05/02/12 3 3 0 PCBs
Dioxins and Furans
Metals
SVOCs
VOCs
TSS

1 Nature and extent, fate 
and transport

Notes

PCB = polychlorinated biphenyl
RI = remedial investigation
RI/FS = remedial investigation/feasibility study
SVOC = semivolatile organic compound
TSS = total suspended solids
VOC = volatile organic compound
USEPA = U.S. Environmental Protection Agency

Table 2-6
Summary of RI Groundwater Studies 

a - Numbers do not include QA/QC samples.
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Study Name Reference Type of Survey Date Conducted General Description
2009 Northern 
Impoundment 
Bathymethric Survey

Anchor QEA (2010a, 
Appendix K)

Bathymetric February 2009 Single-beam bathymetry survey inside the 1966 northern 
impoundment perimeter and within 0.1 mile radius in the 
channel around the impoundment

2010  Bathymetic 
Survey

Anchor QEA (2012b) Bathymetric June 2010 Single-beam bathymetry survey inside the 1966 northern 
impoundment perimeter and in the river channel within 0.6 
mile upstream and 0.2 mile downstream of the impoundment

2010 Current Velocity 
Study

Anchor QEA (2012b) Hydrologic June-July 2010 Measurements of water depth and current velocity using an 
acoustic doppler current profiler (ADCP) at a location within the 
eastern margn of the 1966 northern impoundment perimeter

2010  RI Sediment 
Study

Integral and Anchor 
QEA (2010a); Integral 
and Anchor QEA 
(2011a)

Material properties
Geotechnical properties

May-October 
2010

Measurements of sediment matrix properties, geotechnical 
properties, and shear strength to support the RI, risk 
assessments, fate and transport modeling, and TCRA 
geotechnical evaluations

2011 Bathymetric 
Survey

Anchor QEA (2012b, 
Appendix A)

Bathymetric March 2011 Single-beam bathymetry survey consisting of 15 transects 
upstream and 12 transects downstream of the USEPA 
preliminary Site perimeter

2011 Current Velocity 
Study

Anchor QEA (2012b, 
Appendix B)

Hydrologic May-November 
2011

Measurements of water depth, water surface elevation,  
current velocity using an ADCP, and salinity at a location 
upstream (north)  of the original 1966 perimeter of the 
impoundments north of I-10 and within USEPA's Preliminary 
Sit  P i t2011 River Bed 

Property Study
Anchor QEA (2012b, 
Appendix C)

Material properties
Geotechnical properties

March 2011 Characterization of river bed properties consisting of: (a) bed 
probing at 98 locations to characterize the spatial distribution of 
cohesive and noncohesive sediments and (b) collection and 
analysis of surface sediment grab samples for laboratory 
measurement of grain size distribution, moisture content, and 
specific gravity

2011 Upstream 
Sediment Loading Rate 
Study

Anchor QEA (2012b, 
Appendix D)

Time-Integrated Total 
Suspended Solids

May-July 2011 Estimation of sediment loading rates from upstream, based on 
measurement of total suspended sediment in the water column 
at collected regular intervals during a period of low flow in the 
San Jacinto River 

2011 Sediment Erosion 
Potential (Sedflume) 
Study

Anchor QEA (2012b, 
Appendix E)

Sediment cores, Sedflume 
laboratory testing

May 2011 Determination of sediment erosion potential, using the results 
of Sedflume laboratory testing of sediment cores collected from 
15 locations in the San Jacinto River 

2011 Sediment 
Radioisotope Study

Anchor QEA (2012b, 
Appendix F)

May 2011 Profiling of the vertical distribution of radioisotopes in 
subsurface sediments to determine net sedimentation rates, 
based on measurement and analysis of lead-210 and cesium-
137 in ten sediment cores collected from the San Jacinto River

Notes
ADCP = acoustic doppler current profiler
RI = remedial investigation
TCRA = time critical removal action
USEPA = U.S. Environmental Protection Agency

Table 2-7
Summary of Physical Datasets for the Aquatic Portion of the Area within USEPA's Preliminary Site Perimeter
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Study

First 
Sampling 

Date

Last 
Sampling 

Date
Surface 

Samples a

Number of Surface 
Sampling Locations 

within USEPA's 
Preliminary Site 

Perimeter

Number of 
Surface 
Samples

Core 
Samples

Number of Core 
Sampling Locations 

on the Site

Number of 
Samples from 

Cores Analytes Category Use(s) in RI/FS
URS (2010) 8/20/2009 8/20/2009 Yes 4 5 No 0 0 Dioxins and 

furans
1 Baseline 

Nature and 
extent

Koenig (2010, Pers. Comm.) 5/20/2009 5/20/2009 Yes 1 1 No 0 0 Conventionals, 
PCBs 
(congeners), 

2 Nature and 
extent support

University of Houston and 
Parsons (2009)

5/2/2008 5/2/2008 Yes 1 2 No 0 0 Conventionals, 
PCBs 
(congeners), 
Grain size, 
Petroleum

2 Nature and 
extent support

Weston (2006) 5/10/2006 6/2/2006 Yes 11 12 Yes 4 42 Dioxins and 
furans
Grain size
Metals
PAH
PCBs
Physical/
chemical 
parameters
Semivolatiles

2 Nature and 
extent support

TCEQ and USEPA (2006) 7/12/2005 7/13/2005 Yes 9 10 No 0 0 Dioxins and 
furans
Metals
PAH
PCBs
Pesticides
Semivolatiles

1 Past site 
conditions

University of Houston and 
Parsons (2006)

8/8/2002 8/30/2005 Yes 24 34 Yes 1 41 Dioxins and 
furans
Grain size
PCBs
Physical/
chemical 
parameters

1 and 2 b Past site 
conditions

ENSR and EHA (1995) 8/19/1993 5/3/1994 Yes 1 2 No 0 0 Dioxins and 
furans

2 Past site 
conditions

Notes

PAH = polycyclic aromatic hydrocarbons SVOC = semivolatile organic compound
PCB = polychlorinated biphenyl USEPA = U.S. Environmental Protection Agency
RI/FS = remedial investigation/feasibility study

Table 2-8
Historical Sediment Studies for the Area within USEPA's Preliminary Site Perimeter

a - Only surface grabs collected independent of cores are counted here; the surface interval of core samples is not counted among the surface samples.
b - Onsite surface sediment data from this program have been validated and are Category 1. Other data from this source are Category 2.
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Study First Date Last Date
Number of 
Locations

Number of 
Samples Analytes Category Use(s) in RI/FS

URS (2010) 8/20/2009 8/20/2009 2 3 Dioxins and furans 1 Baseline 
Nature and extent

University of Houston and 
Parsons (2009)

5/1/2008 5/22/2009 1 6 Conventionals, PCBs, Petroleum 2 Nature and extent 
support

University of Houston and 
Parsons (2006)

8/7/2002 11/3/2004 1 22 Dioxins and furans
PCBs
Physical/chemical parameters

2 Past site conditions

Notes:
PCB = polychlorinated biphenyl
RI/FS = remedial investigation/feasibility study
USEPA = U.S. Environmental Protection Agency

Table 2-9
Historical Surface Water Datasets for the Area within USEPA's Preliminary Site Perimeter
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Study
Species 

Common Name First Date Last Date Tissue Type
Number of 
Locations

Number of 
Samples Analytes Category Use(s) in RI/FS

TDSHS (2007) Red drum 3/11/2004 3/11/2004 Fillet 1 2 Dioxins and furans
Herbicides
Metals
PAH
PCBs
Pesticides
SVOCs
VOCs

2 Past Conditions

TDSHS (2007) Spotted 
seatrout

2/10/2004 3/11/2004 Fillet 1 2 Dioxins and furans
Herbicides
Metals
PAH
PCBs
Pesticides
SVOCs
VOCs

2 Past Conditions

University of Houston and 
Parsons (2006)

Blue catfish 11/20/2002 3/23/2004 Edible 1 2 Dioxins and furans
PCBs
Pesticides
Physical/chemical 
parameters

2 Past Conditions

University of Houston and 
Parsons (2006)

Blue crab 8/9/2002 10/27/2004 Edible 1 6 Dioxins and furans
PCBs
Pesticides
Physical/chemical 
parameters

2 Past Conditions

University of Houston and 
Parsons (2006)

Hardhead 
catfish

8/9/2002 10/28/2004 Edible 1 4 Dioxins and furans, 
Pesticides
PCBs
Physical/
chemical parameters

2 Past Conditions

Table 2-10
Historical Tissue Datasets for the Area within USEPA's Preliminary Site Perimeter
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Study
Species 

Common Name First Date Last Date Tissue Type
Number of 
Locations

Number of 
Samples Analytes Category Use(s) in RI/FS

Table 2-10
Historical Tissue Datasets for the Area within USEPA's Preliminary Site Perimeter

TDSHS (2007) Blue crab 8/10/1999 4/7/2004 Edible 2 4 Dioxins and furans
Herbicides
Metals
PAH
PCBs
Pesticides
SVOCs
VOCs

2 Past Conditions

TDSHS (2007) Blue catfish 1/13/1999 3/11/2004 Fillet 2 3 Dioxins and furans
Herbicides
Metals
PAH
PCBs
Pesticides
SVOCs
VOCs

2 Past Conditions

TDSHS (2007) Freshwater 
drum

1/13/1999 1/13/1999 Fillet 1 1 Herbicides
Metals
PAH
PCBs
Pesticides
SVOCs
VOCs

2 Past Conditions

TDSHS (2007) hybrid striped 
bass

1/13/1999 3/11/2004 Fillet 2 3 Dioxins and furans
Herbicides
Metals
PAH
PCBs
Pesticides
SVOCs
VOCs

2 Past Conditions
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Study
Species 

Common Name First Date Last Date Tissue Type
Number of 
Locations

Number of 
Samples Analytes Category Use(s) in RI/FS

Table 2-10
Historical Tissue Datasets for the Area within USEPA's Preliminary Site Perimeter

TDSHS (2007) Smallmouth 
buffalo

1/13/1999 1/13/1999 Fillet 1 1 Herbicides
Metals
PAH
PCBs
Pesticides
SVOCs
VOCs

2 Past Conditions

TDSHS (2007) Southern 
flounder

1/13/1999 1/13/1999 Fillet 1 1 Herbicides
Metals
PAH
PCBs
Pesticides
Semivolatiles
Volatiles

2 Past Conditions

ENSR and EHA (1995) Blue crab 10/1/1993 10/1/1993 Edible 1 1 Dioxins and furans 2 Past Conditions

ENSR and EHA (1995) Blue catfish 10/1/1993 10/1/1993 Fillet 1 1 Dioxins and furans 2 Past Conditions

Notes
PAH = polycyclic aromatic hydrocarbons
PCB = polychlorinated biphenyl
RI/FS = remedial investigation/feasibility study
SVOC = semivolatile organic compound
VOC = volatile organic compound
USEPA = U.S. Environmental Protection Agency
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Site Background
Dioxins and furans 130 29 Surface (0-6 inches)
PCB Congeners 22 11 Surface (0-6 inches)
PCB Aroclors 18 11 Surface (0-6 inches)
Metals 101 19 Surface (0-6 inches)
SVOCs 101 19 Surface (0-6 inches)
BEHP 101 19 Surface (0-6 inches)
VOCs 79 19 Surface (0-6 inches)
Grain size 101 41 Surface (0-6 inches)
Organic carbon 126 29 Surface (0-6 inches)

Dioxins and furans 135 0 Subsurface
PCB Congeners 40 0 Subsurface
PCB Aroclors 32 0 Subsurface
Metals 132 0 Subsurface
SVOCs 132 0 Subsurface
BEHP 132 0 Subsurface
Grain size 128 0 Subsurface
Organic carbon 132 0 Subsurface

Notes
BEHP = bis(2-ethylhexyl)phthalate
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
VOC = volatile organic compound

Table 2-11
Summary of Sediment Samples Collected for the Remedial Investigation

Baseline Sample Count

Analyte Sample Depth



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 1 May 2013

Sample Type Area North of I-10 Soil Investigation Area 4

Dioxin and furan congeners 4 3
Metals 4 3
Mercury 4 3
SVOCs 4 3
VOCs 0 3
PCB Aroclors 4 3
TSS 4 3

Dioxin and furan congeners 3 0
Metals 3 0
Mercury 3 0
SVOCs 3 0
VOCs 0 0
PCB Aroclors 3 0
TSS 3 0

Notes
BEHP = bis(2-ethylhexyl)phthalate
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
TSS = total suspended solids
VOC = volatile organic compound

Table 2-12
Summary of Groundwater Samples Collected for the Remedial Investigation

Shallow Groundwater

Deep Groundwater

Baseline Sample Count
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Tissue Type Area Sampled
SJFCA1 5
SJFCA2 15
SJFCA3 5
Upstream Background 10
SJFCA1 2
SJFCA2 6
SJFCA3 2
Upstream Background 8
SJFCA1 10
SJFCA2 10
SJFCA3 10
Cedar Bayou 10
SJFCA5 10
SJFCA1 3
SJFCA2 3
SJFCA3 3
Cedar Bayou 3
SJFCA1 10
SJFCA2 10
SJFCA3 10
Cedar Bayou 10
SJFCA5 10
SJFCA1 3
SJFCA2 4
SJFCA3 3
Cedar Bayou 8

Notes
COPC = chemical of potential concern

Number of Samples 
Analyzed for COPCs and 

Lipid Content

Table 2-13
Summary of Tissue Samples Collected for the Remedial Investigation

Catfish remainder

Common Rangia (clams)

Gulf killifish

Blue crab, edible tissue

Blue crab, remainders

Catfish fillet



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 1 May 2013

Analyte Soil Investigation Area
Baseline Sample 

Count

Area1 70
Area2 12
Area3 18
Background 50
Area 4 78
Area1 0
Area2 12
Area3 0
Background 0
Area 4 33
Area1 6
Area2 12
Area3 0
Background 40
Area 4 27
Area1 50
Area2 12
Area3 18
Background 40
Area 4 61
Area1 50
Area2 12
Area3 18
Background 40
Area 4 61
Area1 50
Area2 12
Area3 18
Background 40
Area 4 60
Area1 6
Area2 12
Area3 0
Background 40
Area 4 58
Area1 6
Area2 0
Area3 0
Background 0
Area 4 0

PCB Aroclors

Table 2-14

Summary of Soil Samples Collected for the Remedial Investigation

Depth 0-2 feet only

PCB Congeners

Dioxins and Furans

Mercury

Metals

Asbestos

Pesticides

SVOCs
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Analyte Soil Investigation Area
Baseline Sample 

Count

Table 2-14

Summary of Soil Samples Collected for the Remedial Investigation

   Area1 6
Area2 0
Area3 0
Background 0
Area 4 0
Area1 6
Area2 12
Area3 0
Background 40
Area 4 60
Area1 44
Area2 0
Area3 18
Background 81
Area 4 78
Area1 70
Area2 0
Area3 18
Background 50
Area 4 78

Depth > 2 feet
Area1 0
Area2 2
Area3 0
Background 0
Area 4 172
Area1 0
Area2 2
Area3 0
Background 0
Area 4 42
Area1 0
Area2 2
Area3 0
Background 0
Area 4 45
Area1 0
Area2 2
Area3 0
Background 0
Area 4 77
Area1 0
Area2 2
Area3 0
Background 0
Area 4 77

Metals

Mercury

PCB Congeners

PCB Aroclors

Organic Carbon

VOCs

Cyanide

Grainsize

Dioxins and Furans
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Analyte Soil Investigation Area
Baseline Sample 

Count

Table 2-14

Summary of Soil Samples Collected for the Remedial Investigation

   Area1 0
Area2 2
Area3 0
Background 0
Area 4 86
Area1 0
Area2 2
Area3 0
Background 0
Area 4 77
Area1 0
Area2 0
Area3 0
Background 0
Area 4 0
Area1 0
Area2 0
Area3 0
Background 0
Area 4 0
Area1 0
Area2 2
Area3 0
Background 0
Area 4 86
Area1 0
Area2 0
Area3 36
Background 0
Area 4 173
Area1 0
Area2 0
Area3 36
Background 0
Area 4 173

Notes
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
VOC = volatile organic compound

Organic Carbon

Cyanide

VOCs

Grainsize

Pesticides

Asbestos

SVOCs
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Compound

TEF-M 
(WHO 2005) a

TEF-Fish
(WHO 1998)

TEF-Bird
(WHO 1998)

Chlorinated Dibenzo-p -dioxins
2,3,7,8-TCDD 1 1 1
1,2,3,7,8-PeCDD 1 1 1
1,2,3,4,7,8-HxCDD 0.1 0.5 0.05
1,2,3,6,7,8-HxCDD 0.1 0.01 0.01
1,2,3,7,8,9-HxCDD 0.1 0.01 0.1
1,2,3,4,6,7,8-HpCDD 0.01 0.001 0.001
OCDD 0.0003 0.0001 0.0001

Chlorinated Dibenzofurans
2,3,7,8-TCDF 0.1 0.05 1
1,2,3,7,8-PeCDF 0.03 0.05 0.1
2,3,4,7,8-PeCDF 0.3 0.5 1
1,2,3,4,7,8-HxCDF 0.1 0.1 0.1
1,2,3,6,7,8-HxCDF 0.1 0.1 0.1
1,2,3,7,8,9-HxCDF 0.1 0.1 0.1
2,3,4,6,7,8-HxCDF 0.1 0.1 0.1
1,2,3,4,6,7,8-HpCDF 0.01 0.01 0.01
1,2,3,4,7,8,9-HpCDF 0.01 0.01 0.01
OCDF 0.0003 0.0001 0.0001

Non-ortho Substituted PCBs
3,3',4,4'-Tetrachlorobiphenyl (PCB 77) 0.0001 0.0001 0.05
3,4,4',5-Tetrachlorobiphenyl (PCB 81) 0.0003 0.0005 0.1
3,3',4,4',5-Pentachlorobiphenyl (PCB 126) 0.1 0.005 0.1
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB 169) 0.03 0.00005 0.001

Mono-ortho Substituted PCBs
2,3,3',4,4'-Pentachlorobiphenyl (PCB 105) 0.00003 0.000005 0.0001
2,3,4,4',5-Pentachlorobiphenyl (PCB 114) 0.00003 0.000005 0.0001
2,3',4,4',5-Pentachlorobiphenyl (PCB 118) 0.00003 0.000005 0.00001
2',3,4,4',5-Pentachlorobiphenyl (PCB 123) 0.00003 0.000005 0.00001
2,3,3',4,4',5-Hexachlorobiphenyl (PCB 156) 0.00003 0.000005 0.0001
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB 157) 0.00003 0.000005 0.0001
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB 167) 0.00003 0.000005 0.00001
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB 189) 0.00003 0.000005 0.00001

Notes
a - Endorsed by USEPA (2010)

PCB = polychlorinated biphenyl

Sources

WHO (2005) corresponds to Van den Berg et al. (2006)

TEF-M = Mammalian toxicity equivalency factor

Table 2-15
Toxicity Equivalency Factors for Dioxins and Furans and Dioxin-Like PCBs

WHO (1998) corresponds to Van den Berg et al. (1998)
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PCB-8 PCB-81 PCB-128 PCB-177

PCB-18 PCB-87 PCB-138 PCB-180

PCB-28 PCB-99 PCB-151 PCB-183

PCB-37 PCB-101 PCB-153 PCB-187

PCB-44 PCB-105 PCB-156 PCB-189 

PCB-49 PCB-110 PCB-157 PCB-194

PCB-52 PCB-114 PCB-158 PCB-195

PCB-66 PCB-118 PCB-167 PCB-201

PCB-70 PCB-119 PCB-168 PCB-206

PCB-74 PCB-123 PCB-169 PCB-209

PCB-77 PCB-126 PCB-170

Notes
PCB = polychlorinated biphenyl

Table 2-16
PCB Congeners for Inclusion in Total PCB Summation 
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Location Eastinga Northing Elevation
Total Depth 

(feet bgs)

Depth to 
Water 
(bgs)

Bottom 
elevation
(feet msl)

Water Surface 
Elevation
(feet msl) Observations

SJSB001 3216159.7 13857034.3 7.60 24.0 8.0 -16.4 -0.4 Debris encountered at 8 feet bgs: carpet, wood, paint chips

SJSB002 3216289.7 13857035.0 11.89 20.0 -- -8.1 Plastic sheet/visqueen at 7.5 feet bgs

SJSB003 3216130.1 13856859.9 6.06 20.0 6.4 -13.9 -0.3

SJSB004 3215996.2 13856890.3 5.27 24.0 6.5 -18.7 -1.2 Wood debris at 6.5 feet bgs

SJSB005 3216146.8 13856685.6 6.21 32.0 7.0 -25.8 -0.8 Trace debris: wood and glass at 6.5 feet bgs

SJSB006 3215894.2 13856526.1 7.90 18.9 6.9 -11.0 1.0

SJSB007 3216290.8 13856938.1 5.18 21.0 6.0 -15.8 -0.8
Debris encountered at 7 feet bgs: concrete rubble, wood, fabric; 3-
inch wood chunk at 9.5 feet bgs, plastic bag at 9.7 feet bgs, asphalt 
shingles.

SJSB008 3215748.7 13856515.1 8.51 20.0 6.1 -11.5 2.4 Debris encountered at 7.5 feet bgs: wood, brass fitting

SJSB009 3215846.4 13856308.6 8.45 20.0 7.3 -11.6 1.1 Debris encountered at 7 feet bgs: wood

SJSB010 3216529.8 13856923.6 3.93 16.0 5.5 -12.1 -1.6

SJSB012 3216265.9 13856841.0 5.51 22.0 7.3 -16.5 -1.8 Glass, plastic bag, carpeting, nails at 4 feet bgs

Table 3-1
Soil Core and Surface Sample Summary, Soil Investigation Area 4 and Adjacent Samples

Soil Cores
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Location Eastinga Northing Elevation
Total Depth 

(feet bgs)

Depth to 
Water 
(bgs)

Bottom 
elevation
(feet msl)

Water Surface 
Elevation
(feet msl) Observations

Table 3-1
Soil Core and Surface Sample Summary, Soil Investigation Area 4 and Adjacent Samples

 
SJSB013 3215599.7 13856513.3 7.95 20.0 9.5 -12.1 -1.6 Wire at 9.2 feet bgs, wood debris at 15 feet bgs

SJSB014 3216102.5 13856571.1 6.00 20.0 9.8 -14.0 -3.8
Brown glass at 4.7 feet bgs, wire at 4.9 feet bgs, 3-inch wood chunk 
at 9.5 feet bgs, plastic bag at 9.7 feet bgs, asphalt shingles

SJSB015 3215676.5 13856356.4 9.03 20.0 9.8 -11.0 -0.8
Plastic, glass, wood at 4.5, glass at 12.0, wood debris 2-inch diameter 
at 12.2

SJSB016 3215983.4 13856351.6 4.87 20.0 6.8 -15.1 -1.9 Glass, plastic, 3-inch rubber tire disk

SJSB017 3215431.8 13856263.2 6.50 20.0 9.8 -13.5 -3.3
Black crushed asphalt, wood debris and boulder fragment 5-inch at 
6.0 feet bgs

SJSB018 3215750.3 13856208.2 9.11 20.0 5.1 -10.9 4.0 Wood debris at 6 feet bgs

SJSB019 3215567.8 13856148.4 8.49 20.0 6.2 -11.5 2.3 Plywood and wood debris at 4 feet bgs

SJSB020 3215335.4 13856053.8 6.93 20.0 6.8 -13.1 0.1 Aluminum can, 1/2-inch thick plastic 2.5 feet bgs

SJSB021 3215758.6 13856068.6 10.02 20.0 10.1 -10.0 -0.1

SJSB022 3215550.8 13855973.6 9.73 20.0 11.1 -10.3 -1.4 Wood, shingles at 4.3 feet bgs

SJSB023 3215410.3 13855883.4 8.27 20.0 10.2 -11.7 -1.9

SJSB024 3215622.7 13855836.3 9.96 20.0 10.6 -10.0 -0.6
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Location Eastinga Northing Elevation
Total Depth 

(feet bgs)

Depth to 
Water 
(bgs)

Bottom 
elevation
(feet msl)

Water Surface 
Elevation
(feet msl) Observations

Table 3-1
Soil Core and Surface Sample Summary, Soil Investigation Area 4 and Adjacent Samples

 
SJSB025 3215500.8 13855659.7 9.81 20.0 10 -10.2 -0.2

SJSB026 3215275.4 13855614.6 8.15 20.0 10 -11.9 -1.9

SJSB027 3215395.7 13855439.4 9.45 20.0 10.8 -10.5 -1.3

SJTS032 3216111.8 13856934.7 6.68 1.0 -- 5.7 --

SJTS033 3216206.7 13856886.7 5.69 1.0 -- 4.7 --

SJTS034 3215841.5 13856284.2 8.54 1.0 -- 7.5 --

Notes
-- = not recorded
bgs = below ground surface
msl = mean sea level
a  - Texas South Central NAD 83, US Survey Feet Coordinates

Surface Soil Stations
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TWDB 
Well 

Number Owner

Top of Well 
Elevation 

(feet)

Well 
Depth 
(feet) Aquifer

6516506 Harris County WCID 1 40 537 Lower Chicot

6516811 Vahlco Corp 32 350 Lower Chicot

6516812 C. Fitzgerald 30 125 Upper Chicot

Notes
WCID = Water Control and Improvement District

Table 3-2
Registered Texas Water Development Board Groundwater Wells Near USEPA's 

Preliminary Site Perimeter
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Analyte
Number of

Samples
Detection
Frequency

Minimum 
(ng/kg dw)

Maximum 
(ng/kg dw)

Mean 
(ng/kg dw)

2,3,7,8-TCDD 20 5% 0.0193 0.794 0.0938
1,2,3,7,8-PeCDD 20 50% 0.0266 2.59 0.350
1,2,3,4,7,8-HxCDD 20 55% 0.0296 2.00 0.413
1,2,3,6,7,8-HxCDD 20 65% 0.0570 7.61 1.54
1,2,3,7,8,9-HxCDD 20 45% 0.0670 5.39 0.996
1,2,3,4,6,7,8-HpCDD 20 100% 8.68 173 45.8
OCDD 20 100% 266 72,300 5,460
2,3,7,8-TCDF 20 25% 0.0306 1.15 0.246
1,2,3,7,8-PeCDF 20 20% 0.0172 0.867 0.133
2,3,4,7,8-PeCDF 20 15% 0.0177 1.82 0.192
1,2,3,4,7,8-HxCDF 20 60% 0.0299 7.14 0.785
1,2,3,6,7,8-HxCDF 20 45% 0.0196 2.30 0.297
1,2,3,7,8,9-HxCDF 20 0% 0.0193 0.0795 0.0407
2,3,4,6,7,8-HxCDF 20 45% 0.0231 3.05 0.333
1,2,3,4,6,7,8-HpCDF 20 85% 0.272 29.1 4.37
1,2,3,4,7,8,9-HpCDF 20 35% 0.0271 2.01 0.262
OCDF 20 90% 0.461 139 18.3
TEQDF,M (ND=1/2DL) 20 100% 0.401 23.1 3.12

Notes

dw =  dry weight

Summary Statistics for Dioxin and Furan Concentrations in Background Surface Soil 
(0 to 6 inches) Samples

For all calculations, concentrations below the detection limit were set to one-half the detection 
limit.

Table 4-1

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and 
mammalian toxicity equivalency factors  (Van den Berg et al. 2006) with nondetects set at one-
half the detection limit.
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Analyte
Number of

Samples
Detection
Frequency Minimum Maximum Mean

Metals (mg/kg dw)
Aluminum 20 100% 1,400 21,600 9,780
Antimony 20 35% 0.0110 0.400 0.0794
Arsenic 20 100% 1.02 5.25 2.53
Barium 20 100% 17.3 367 130
Cadmium 20 85% 0.0145 0.842 0.163
Chromium 20 100% 2.89 17.6 9.40
Cobalt 20 100% 1.00 25.3 5.45
Copper 20 100% 1.95 23.0 8.78
Lead 20 100% 5.80 66.6 21.5
Magnesium 20 100% 312 13,600 2,510
Manganese 20 100% 38.0 1270 294
Mercury 20 100% 0.0130 0.137 0.0422
Nickel 20 100% 1.40 19.7 7.40
Silver 20 100% 0.0310 0.106 0.0560
Thallium 20 100% 0.0243 1.28 0.144
Vanadium 20 100% 9.70 48.3 23.9
Zinc 19 100% 7.10 276 49.1

Polychlorinated Biphenyls (µg/kg dw)
Aroclor 1016 20 0% 9.50 9.50 NA
Aroclor 1221 20 0% 9.50 9.50 NA
Aroclor 1232 20 0% 9.50 9.50 NA
Aroclor 1242 20 0% 9.50 36.5 NA
Aroclor 1248 20 0% 9.50 65.0 NA
Aroclor 1254 20 0% 9.50 85.0 NA
Aroclor 1260 20 0% 9.50 9.50 NA
Aroclor 1262 20 0% 9.50 9.50 NA
Aroclor 1268 20 0% 9.50 9.50 NA

Semivolatile Organic Compounds (µg/kg dw)
2,4-Dichlorophenol 20 0% 0.500 36.0 NA
2,4,5-Trichlorophenol 20 0% 0.750 55.0 NA
2,4,6-Trichlorophenol 20 0% 0.700 55.0 NA
2,3,4,6-Tetrachlorophenol 20 0% 0.850 65.0 NA
Acenaphthene 20 15% 0.700 23,000 1,150
Bis(2-Ethylhexyl)phthalate 20 55% 3.50 255 34.3
Carbazole 20 35% 0.650 170,000 8,500
Fluorene 20 20% 0.550 270,000 13,500
Hexachlorobenzene 20 0% 0.600 43.5 NA

Table 4-2

Summary Statistics for Metals, PCB, SVOC, and VOC Concentrations in Background Surface Soil 
(0 to 6 inches) Samples
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Analyte
Number of

Samples
Detection
Frequency Minimum Maximum Mean

Table 4-2

Summary Statistics for Metals, PCB, SVOC, and VOC Concentrations in Background Surface Soil 
(0 to 6 inches) Samples

Naphthalene 20 25% 1.15 47,000 2,350
Phenanthrene 20 75% 0.700 1,400,000 70,000
Phenol 20 5% 1.00 1,700 88.1

Volatile Organic Compounds (µg/kg dw)
1,2-Dichlorobenzene 20 0% 0.0435 0.105 NA
1,3-Dichlorobenzene 20 0% 0.0550 0.125 NA
1,4-Dichlorobenzene 20 0% 0.0485 0.115 NA
1,2,3-Trichlorobenzene 20 0% 0.110 0.255 NA
1,2,4-Trichlorobenzene 20 0% 0.0750 0.175 NA
Chloroform 20 15% 0.0650 0.360 0.117

Notes

No PCB congener data are available for background surface soil samples.

COI = chemical of interest
COPC = chemical of potential concern
dw = dry weight
NA = not applicable
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
VOC = volatile organic compound

Soil data are shown for the full list of COIs (Table 1-1).

For all calculations, concentrations below the detection limit were set to one-half the detection limit.
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Analyte
Number of

Samples
Detection
Frequency

Minimum 
(ng/kg dw)

Maximum 
(ng/kg dw)

Mean 
(ng/kg dw)

2,3,7,8-TCDD 20 0% 0.0174 0.157 0.0549
1,2,3,7,8-PeCDD 20 20% 0.0327 0.930 0.153
1,2,3,4,7,8-HxCDD 20 30% 0.0269 2.56 0.322
1,2,3,6,7,8-HxCDD 20 55% 0.0328 40.7 2.78
1,2,3,7,8,9-HxCDD 20 40% 0.0283 6.44 0.956
1,2,3,4,6,7,8-HpCDD 20 95% 0.438 579 51.4
OCDD 20 100% 9.35 6650 1190
2,3,7,8-TCDF 20 10% 0.0242 0.393 0.114
1,2,3,7,8-PeCDF 20 10% 0.0220 0.278 0.0652
2,3,4,7,8-PeCDF 20 10% 0.0214 0.490 0.0774
1,2,3,4,7,8-HxCDF 20 45% 0.0159 7.19 0.634
1,2,3,6,7,8-HxCDF 20 35% 0.0154 1.33 0.178
1,2,3,7,8,9-HxCDF 20 0% 0.0162 0.0750 0.0384
2,3,4,6,7,8-HxCDF 20 20% 0.0159 4.53 0.311
1,2,3,4,6,7,8-HpCDF 20 90% 0.0298 154 9.73
1,2,3,4,7,8,9-HpCDF 20 20% 0.0235 7.42 0.497
OCDF 20 75% 0.0715 247 22.8
TEQDF,M (ND=1/2DL) 20 100% 0.105 15.7 1.75

Notes
   For those chemicals never detected, the minimum and maximum refer to the detection limits.

dw = dry weight

Summary Statistics for Dioxin and Furan Concentrations in Background Subsurface Soil 
(6 to 12 inches) Samples

Table 4-3

For all calculations, concentrations below the detection limit were set to one-half the detection limit.
TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the 
detection limit.
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Analyte
Number of

Samples
Detection
Frequency Minimum Maximum Mean

Metals (mg/kg dw)
Aluminum 20 100% 693 24,000 10,200
Antimony 20 5% 0.00400 0.279 0.0366
Arsenic 20 100% 0.940 13.3 2.84
Barium 20 100% 8.40 314 107
Cadmium 20 70% 0.00950 0.399 0.0910
Chromium 20 100% 2.62 20.2 9.32
Cobalt 20 90% 0.450 17.3 5.53
Copper 20 100% 0.600 39.8 8.38
Lead 20 100% 3.10 35.0 15.4
Magnesium 20 100% 310 7,250 1,800
Manganese 20 100% 25.7 1270 306
Mercury 20 100% 0.00800 0.162 0.0395
Nickel 20 100% 1.30 23.3 7.09
Silver 20 95% 0.0195 0.102 0.0414
Thallium 20 95% 0.0170 0.532 0.111
Vanadium 20 100% 6.60 50.1 26.1
Zinc 20 100% 7.80 48.3 24.8

Polychlorinated Biphenyls (µg/kg dw)
Aroclor 1016 20 0% 9.50 9.50 NA
Aroclor 1221 20 0% 9.50 9.50 NA
Aroclor 1232 20 0% 9.50 9.50 NA
Aroclor 1242 20 0% 9.50 9.50 NA
Aroclor 1248 20 0% 9.50 9.50 NA
Aroclor 1254 20 0% 9.50 9.50 NA
Aroclor 1260 20 0% 9.50 9.50 NA
Aroclor 1262 20 0% 9.50 9.50 NA
Aroclor 1268 20 0% 9.50 9.50 NA

Semivolatile Organic Compounds (µg/kg dw)
2,4-Dichlorophenol 20 0% 0.500 17.0 NA
2,4,5-Trichlorophenol 20 0% 0.750 25.0 NA
2,4,6-Trichlorophenol 20 0% 0.700 23.5 NA
2,3,4,6-Tetrachlorophenol 20 0% 0.850 28.5 NA
Acenaphthene 20 20% 0.700 590 33.3
Bis(2-Ethylhexyl)phthalate 20 25% 3.50 120 17.2
Carbazole 20 20% 0.650 2,000 106
Fluorene 20 20% 0.550 2,300 119
Hexachlorobenzene 20 0% 0.600 20.0 NA

Table 4-4
Summary Statistics for Metals, PCB, SVOC, and VOC Concentrations in Background Subsurface Soil 

(6 to 12 inches) Samples
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Analyte
Number of

Samples
Detection
Frequency Minimum Maximum Mean

Table 4-4
Summary Statistics for Metals, PCB, SVOC, and VOC Concentrations in Background Subsurface Soil 

(6 to 12 inches) Samples

Naphthalene 20 25% 1.15 2,400 127
Pentachlorophenol 20 0% 10.0 335 NA
Phenanthrene 20 50% 0.700 19,000 996
Phenol 20 0% 1.00 36.0 NA

Volatile Organic Compounds (µg/kg dw)
1,2-Dichlorobenzene 20 0% 0.043 0.055 NA
1,3-Dichlorobenzene 20 0% 0.055 0.07 NA
1,4-Dichlorobenzene 20 0% 0.048 0.065 NA
1,2,3-Trichlorobenzene 20 0% 0.11 0.135 NA
1,2,4-Trichlorobenzene 20 0% 0.075 0.095 NA
Chloroform 20 5% 0.065 0.32 0.084

Notes

No PCB congener data are available for background subsurface soil samples.

COI = chemical of interest
COPC = chemical of potential concern
dw = dry weight
NA = not applicable
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
VOC = volatile organic compound

For all calculations, concentrations below the detection limit were set to one-half the detection limit.
Results presented here are for the full list of COIs (Table 1-1).
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Analyte
Number of

Samples
Detection
Frequency

Minimum 
(ng/kg dw)

Maximum 
(ng/kg dw)

Mean 
(ng/kg dw)

2,3,7,8-TCDD 29 14% 0.0118 4.56 0.469
1,2,3,7,8-PeCDD 29 3% 0.00945 0.273 0.0783
1,2,3,4,7,8-HxCDD 29 14% 0.0118 0.449 0.0936
1,2,3,6,7,8-HxCDD 29 28% 0.0113 0.886 0.226
1,2,3,7,8,9-HxCDD 29 48% 0.0174 1.17 0.242
1,2,3,4,6,7,8-HpCDD 29 100% 1.17 38.2 14.1
OCDD 29 100% 31.3 1800 547
2,3,7,8-TCDF 29 62% 0.0960 10.4 1.73
1,2,3,7,8-PeCDF 29 3% 0.00850 0.334 0.0822
2,3,4,7,8-PeCDF 29 3% 0.00840 0.307 0.0794
1,2,3,4,7,8-HxCDF 29 14% 0.00520 1.53 0.155
1,2,3,6,7,8-HxCDF 29 10% 0.00510 0.435 0.0984
1,2,3,7,8,9-HxCDF 29 0% 0.00785 0.322 0.113
2,3,4,6,7,8-HxCDF 29 14% 0.00525 0.553 0.108
1,2,3,4,6,7,8-HpCDF 29 69% 0.0321 4.06 1.12
1,2,3,4,7,8,9-HpCDF 29 3% 0.0122 0.276 0.106
OCDF 29 93% 0.277 34.2 7.78
TEQDF,M (ND=1/2DL) 29 100% 0.108 6.54 1.17

Notes

dw = dry weight

Table 4-5
Summary Statistics for Dioxin and Furan Concentrations in Background Surface Sediment 

(0 to 6 inches) Samples

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  
TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with non detects set at one-half the 
detection limit.
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Analyte
Number of

Samples
Detection
Frequency Minimum Maximum Mean

Metals (mg/kg dw)
Aluminum 19 100% 507 5,490 2,250
Arsenic 19 100% 0.180 3.06 0.968
Barium 19 100% 2.70 66.1 24.3
Cadmium 19 53% 0.0400 0.400 0.158
Chromium 19 100% 0.640 7.80 3.49
Cobalt 19 84% 0.150 4.50 1.84
Copper 19 63% 0.350 7.20 2.59
Lead 19 68% 1.55 10.4 4.41
Magnesium 19 100% 125 2,520 906
Manganese 19 100% 6.84 372 80.9
Mercury 19 58% 0.00150 0.0440 0.0116
Nickel 19 79% 0.250 5.60 2.23
Thallium 19 0% 0.200 1.95 1.25
Vanadium 17 100% 0.500 11.4 5.38
Zinc 19 100% 1.70 40.8 14.5

Polychlorinated Biphenyls - Aroclors (µg/kg dw)
Aroclor 1016 11 0% 9.50 10.0 9.55
Aroclor 1221 11 0% 9.50 10.0 9.55
Aroclor 1232 11 0% 9.50 10.0 9.55
Aroclor 1242 11 0% 9.50 10.0 9.55
Aroclor 1248 11 0% 9.50 10.0 9.55
Aroclor 1254 11 0% 9.50 10.0 9.55
Aroclor 1260 11 0% 9.50 10.0 9.55
Aroclor 1262 11 0% 9.50 10.0 9.55
Aroclor 1268 11 0% 9.50 10.0 9.55

Polychlorinated Biphenyls  - Dioxin-Like Congeners (ng/kg dw)
PCB077 11 64% 2.11 26.4 11.3
PCB081 11 0% 0.655 4.86 1.79
PCB105 11 55% 5.35 95.2 40.9
PCB114 11 18% 0.600 6.78 2.57
PCB118 11 55% 16.7 258 112
PCB123 11 9% 0.580 5.16 2.23
PCB126 11 0% 0.620 4.75 1.87
PCB156+158 11 55% 1.20 29.6 12.1
PCB167 11 36% 0.520 13.8 5.55
PCB169 11 0% 0.635 4.51 1.77
PCB189 11 9% 0.625 4.72 1.92
TEQP,M (ND=1/2DL) 11 73% 0.0889 0.605 0.251

Table 4-6
Summary Statistics for Metals, PCB, and SVOC Concentrations in Background Surface Sediment 

(0 to 6 inches) Samples
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Analyte
Number of

Samples
Detection
Frequency Minimum Maximum Mean

Table 4-6
Summary Statistics for Metals, PCB, and SVOC Concentrations in Background Surface Sediment 

(0 to 6 inches) Samples

Semivolatile Organic Compounds µg/kg dw)
Bis(2-ethylhexyl)phthalate 19 5% 9.50 20.0 11.2
Carbazole 11 0% 6.00 8.50 7.05
Phenol 11 0% 10.0 15.0 12.0

Notes

COPC = chemical of potential concern
dw = dry weight
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  TEQDF,M 

(ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with non detects set at one-half the detection limit.

TEQP,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated for dioxin-like PCBs (Table 2-15)  using 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection 
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Analyte
Number of

Samples
Detection
Frequency

Minimum 
(ng/kg ww)

Maximum 
(ng/kg ww)

Mean 
(ng/kg ww)

2,3,7,8-TCDD 20 5% 0.0187 0.512 0.0701
1,2,3,7,8-PeCDD 20 0% 0.0182 0.0725 0.0404
1,2,3,4,7,8-HxCDD 20 0% 0.0151 0.0825 0.0327
1,2,3,6,7,8-HxCDD 20 0% 0.0202 0.105 0.0413
1,2,3,7,8,9-HxCDD 20 0% 0.0171 0.0920 0.0358
1,2,3,4,6,7,8-HpCDD 20 5% 0.0177 0.189 0.0485
OCDD 20 15% 0.0560 0.495 0.207
2,3,7,8-TCDF 20 5% 0.0275 0.823 0.104
1,2,3,7,8-PeCDF 20 0% 0.0150 0.0815 0.0369
2,3,4,7,8-PeCDF 20 0% 0.0140 0.0740 0.0349
1,2,3,4,7,8-HxCDF 20 0% 0.0171 0.0835 0.0290
1,2,3,6,7,8-HxCDF 20 0% 0.0164 0.0765 0.0273
1,2,3,7,8,9-HxCDF 20 0% 0.0179 0.132 0.0380
2,3,4,6,7,8-HxCDF 20 0% 0.0173 0.0855 0.0303
1,2,3,4,6,7,8-HpCDF 20 0% 0.0143 0.0840 0.0307
1,2,3,4,7,8,9-HpCDF 20 0% 0.0203 0.124 0.0404
OCDF 20 5% 0.0332 0.210 0.0757
TEQDF,M (ND=1/2DL) 20 30% 0.0726 0.639 0.157

Notes

ww = wet weight

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  
TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with non detects set at one-half the 
detection limit.

Table 4-7
Summary Statistics for Dioxin and Furan Concentrations in Background Edible Blue Crab Tissue Samples
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Analyte
Number of

Samples
Detection
Frequency

Minimum 
(ng/kg ww)

Maximum 
(ng/kg ww)

Mean 
(ng/kg ww)

2,3,7,8-TCDD 3 33% 0.0406 0.124 0.0771
1,2,3,7,8-PeCDD 3 0% 0.0322 0.0437 0.0378
1,2,3,4,7,8-HxCDD 3 0% 0.0262 0.0302 0.0276
1,2,3,6,7,8-HxCDD 3 0% 0.0298 0.0387 0.0344
1,2,3,7,8,9-HxCDD 3 0% 0.0265 0.0334 0.0295
1,2,3,4,6,7,8-HpCDD 3 0% 0.0257 0.107 0.0702
OCDD 3 100% 0.728 3.43 1.88
2,3,7,8-TCDF 3 67% 0.0399 0.281 0.191
1,2,3,7,8-PeCDF 3 0% 0.0310 0.0359 0.0339
2,3,4,7,8-PeCDF 3 0% 0.0307 0.0355 0.0328
1,2,3,4,7,8-HxCDF 3 0% 0.0158 0.0205 0.0183
1,2,3,6,7,8-HxCDF 3 0% 0.0151 0.0194 0.0175
1,2,3,7,8,9-HxCDF 3 0% 0.0195 0.0242 0.0218
2,3,4,6,7,8-HxCDF 3 0% 0.0174 0.0214 0.0196
1,2,3,4,6,7,8-HpCDF 3 0% 0.0153 0.0216 0.0193
1,2,3,4,7,8,9-HpCDF 3 0% 0.0211 0.0322 0.0278
OCDF 3 0% 0.0398 0.0540 0.0473
TEQDF,M (ND=1/2DL) 3 100% 0.117 0.209 0.163

Notes

ww = wet weight

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  
TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with non detects set at one-half the 
detection limit.

Table 4-8
Summary Statistics for Dioxin and Furan Concentrations in Background Whole Blue Crab Samples
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Analyte
Number of

Samples
Detection
Frequency Minimum Maximum Mean

Metals (mg/kg ww)
Aluminum 10 100% 2.75 5.39 3.76
Arsenic 10 100% 0.448 1.03 0.638
Barium 10 100% 0.307 0.841 0.586
Cadmium 10 100% 0.00330 0.0127 0.00542
Chromium 10 90% 0.00500 0.0400 0.0215
Cobalt 10 100% 0.0127 0.0384 0.0260
Copper 10 100% 6.72 8.27 7.37
Lead 10 100% 0.0112 0.0300 0.0146
Magnesium 10 100% 342 424 395
Manganese 10 100% 0.585 1.78 1.17
Mercury 10 100% 0.0149 0.0364 0.0205
Nickel 10 0% 0.0290 0.0465 0.0387
Vanadium 10 100% 0.0200 0.0300 0.0230
Zinc 10 100% 41.5 47.6 45.1

Polychlorinated Biphenyls (ng/kg ww)
PCB077 10 30% 0.379 2.75 1.59
PCB081 10 0% 0.378 1.46 0.665
PCB105 10 70% 8.04 45.8 22.0
PCB114 10 20% 0.309 3.86 1.26
PCB118 10 100% 39.9 178 111
PCB123 10 0% 0.303 1.21 0.823
PCB126 10 0% 0.276 1.26 0.675
PCB156+158 10 50% 3.73 27.1 9.40
PCB167 10 70% 1.02 8.61 4.34
PCB169 10 0% 0.291 1.25 0.615
PCB189 10 10% 0.287 1.89 0.853
TEQP,M (ND=1/2DL) 10 100% 0.0382 0.169 0.0907

Semivolatile Organic Compounds (µg/kg ww)
bis(2-Ethylhexyl)phthalate 10 0% 105 105 105

Notes

Total PCBs: see Table 5-13

COPC = chemical of potential concern
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
ww = wet weight

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  

Table 4-9
Summary Statistics for Metals, PCB, and SVOC Concentrations in Background Edible Blue Crab Tissue Samples

TEQP,M (ND=1/2DL) = Toxicity equivalent for dioxin-like PCBs (Table 2-15) calculated using mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
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Analyte
Number of

Samples
Detection
Frequency Minimum Maximum Mean

Metals (mg/kg ww)
Aluminum 3 100% 26.2 53.8 40.0
Arsenic 3 100% 0.695 0.837 0.746
Barium 3 100% 26.6 51.3 35.8
Cadmium 3 100% 0.00820 0.0153 0.0121
Chromium 3 100% 0.105 0.305 0.219
Cobalt 3 100% 0.0994 0.149 0.118
Copper 3 100% 7.18 7.87 7.58
Lead 3 100% 0.0713 0.185 0.123
Magnesium 3 100% 1,860 2,040 1,930
Manganese 3 100% 58.0 77.2 70.1
Mercury 3 100% 0.0101 0.0193 0.0137
Nickel 3 100% 0.158 0.274 0.204
Vanadium 3 100% 0.182 0.271 0.219
Zinc 3 100% 26.1 31.5 29.5

Polychlorinated Biphenyls (ng/kg ww)
PCB077 3 100% 3.27 9.06 6.09
PCB081 3 0% 0.576 0.773 0.703
PCB105 3 100% 53.8 83.8 70.7
PCB114 3 100% 4.35 6.32 5.50
PCB118 3 100% 260 361 319
PCB123 3 100% 3.54 6.03 5.09
PCB126 3 0% 0.682 1.22 0.896
PCB156+158 3 100% 29.2 42.0 35.7
PCB167 3 100% 14.0 19.2 17.2
PCB169 3 0% 0.435 0.781 0.645
PCB189 3 67% 1.29 3.99 2.93
TEQP,M (ND=1/2DL) 3 100% 0.108 0.147 0.123

Semivolatile Organic Compounds (µg/kg ww)
bis(2-Ethylhexyl)phthalate 3 0% 105 529 246

Notes

COPC = chemical of potential concern
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
ww = wet weight

Total PCBs: see Table 5-14

TEQP,M (ND=1/2DL) = Toxicity equivalent for dioxin-like PCBs (Table 2-15) calculated using mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

Table 4-10
Summary Statistics for Metals, PCB, and SVOC Concentrations in Background Whole Blue Crab Samples

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  
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Analyte
Number of

Samples
Detection
Frequency

Minimum 
(ng/kg ww)

Maximum 
(ng/kg ww)

Mean 
(ng/kg ww)

2,3,7,8-TCDD 20 50% 0.0965 3.60 0.622
1,2,3,7,8-PeCDD 20 25% 0.0151 0.625 0.118
1,2,3,4,7,8-HxCDD 20 55% 0.0130 0.794 0.127
1,2,3,6,7,8-HxCDD 20 55% 0.0257 2.55 0.376
1,2,3,7,8,9-HxCDD 20 35% 0.0156 0.721 0.141
1,2,3,4,6,7,8-HpCDD 20 40% 0.0895 4.26 0.801
OCDD 20 0% 0.202 10.3 1.99
2,3,7,8-TCDF 20 15% 0.0164 1.10 0.158
1,2,3,7,8-PeCDF 20 5% 0.00940 0.170 0.0320
2,3,4,7,8-PeCDF 20 25% 0.0143 0.590 0.0983
1,2,3,4,7,8-HxCDF 20 5% 0.00895 0.0920 0.0227
1,2,3,6,7,8-HxCDF 20 10% 0.00850 0.125 0.0261
1,2,3,7,8,9-HxCDF 20 0% 0.0108 0.107 0.0256
2,3,4,6,7,8-HxCDF 20 0% 0.00945 0.101 0.0224
1,2,3,4,6,7,8-HpCDF 20 5% 0.0104 0.0671 0.0266
1,2,3,4,7,8,9-HpCDF 20 0% 0.0141 0.0645 0.0291
OCDF 20 15% 0.0197 0.943 0.108
TEQDF,M (ND=1/2DL) 20 90% 0.142 4.97 0.865

Notes

ww = wet weight

Table 4-11
Summary Statistics for Dioxin and Furan Concentrations in Background Hardhead Catfish Fillet Samples

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  
TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with non detects set at one-half the 
detection limit.
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Analyte
Number of

Samples
Detection
Frequency

Minimum 
(ng/kg ww)

Maximum 
(ng/kg ww)

Mean 
(ng/kg ww)

2,3,7,8-TCDD 8 100% 0.664 1.91 1.50
1,2,3,7,8-PeCDD 8 88% 0.197 0.612 0.440
1,2,3,4,7,8-HxCDD 8 75% 0.0558 0.335 0.209
1,2,3,6,7,8-HxCDD 8 100% 0.475 1.26 0.940
1,2,3,7,8,9-HxCDD 8 100% 0.155 0.410 0.296
1,2,3,4,6,7,8-HpCDD 8 100% 1.47 3.84 2.13
OCDD 8 100% 3.56 10.8 6.23
2,3,7,8-TCDF 8 75% 0.175 0.867 0.435
1,2,3,7,8-PeCDF 8 0% 0.0206 0.0505 0.0348
2,3,4,7,8-PeCDF 8 63% 0.0750 0.344 0.203
1,2,3,4,7,8-HxCDF 8 13% 0.0104 0.0526 0.0229
1,2,3,6,7,8-HxCDF 8 25% 0.00987 0.196 0.0401
1,2,3,7,8,9-HxCDF 8 13% 0.0114 0.0471 0.0250
2,3,4,6,7,8-HxCDF 8 13% 0.0107 0.0577 0.0240
1,2,3,4,6,7,8-HpCDF 8 13% 0.00865 0.0436 0.0214
1,2,3,4,7,8,9-HpCDF 8 0% 0.0112 0.0350 0.0215
OCDF 8 25% 0.0213 0.116 0.0603
TEQDF,M (ND=1/2DL) 8 100% 1.01 2.90 2.23

Notes

ww = wet weight

Table 4-12
Summary Statistics for Dioxin and Furan Concentrations in Background Whole Hardhead Catfish Samples

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  
TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with non detects set at one-half the 
detection limit.
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Analyte
Number of

Samples
Detection
Frequency Minimum Maximum Mean

Metals (mg/kg ww)
Aluminum 10 100% 0.660 2.65 1.29
Arsenic 10 100% 0.206 0.461 0.290
Barium 10 100% 0.0840 0.241 0.130
Cadmium 10 10% 5.00E-04 0.00370 8.75E-04
Chromium 10 0% 0.0100 0.0300 0.0140
Cobalt 10 100% 0.00930 0.0509 0.0163
Copper 10 20% 0.145 2.39 0.617
Lead 10 10% 0.00190 0.0362 0.00934
Magnesium 10 100% 245 274 258
Manganese 10 100% 0.111 0.187 0.147
Mercury 10 100% 0.0801 0.197 0.126
Nickel 10 10% 0.00600 0.0670 0.0182
Vanadium 10 10% 0.0100 0.0300 0.0175
Zinc 10 100% 9.37 20.2 13.9

Polychlorinated Biphenyls (ng/kg ww)
PCB077 21 57% 2.10 14.7 7.92
PCB081 21 10% 0.770 12.4 4.42
PCB105 21 100% 318 1990 1040
PCB114 21 81% 11.2 125 64.0
PCB118 21 100% 1350 7500 3850
PCB123 21 90% 7.45 138 59.0
PCB126 21 33% 1.18 15.3 6.35
PCB156+158 21 100% 189 824 465
PCB167 21 100% 84.9 370 176
PCB169 21 14% 0.400 26.7 5.65
PCB189 21 95% 11.4 101 41.5
TEQP,M (ND=1/2DL) 21 100% 0.223 2.29 0.977

Semivolatile Organic Compounds (µg/kg ww)
Bis(2-ethylhexyl)phthalate 10 0% 105 105 105

Notes

Total PCBs: see Table 5-15

COPC = chemical of potential concern
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
ww = wet weight

TEQP,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated for dioxin-like PCBs (Table 2-15) using 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

Table 4-13
Summary Statistics for Metals, PCB, and SVOC Concentrations in Background Hardhead Catfish Fillet Samples

For all calculations, concentrations below the detection limit were set to one-half the detection limit. 
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Analyte
Number of

Samples
Detection
Frequency Minimum Maximum Mean

Metals (mg/kg ww)
Aluminum 8 100% 12.4 67.3 28.9
Arsenic 8 100% 0.273 0.462 0.355
Barium 8 100% 3.68 8.40 5.28
Cadmium 8 100% 0.00258 0.131 0.0206
Chromium 8 25% 0.0150 2.32 0.375
Cobalt 8 100% 0.0791 0.127 0.106
Copper 8 38% 0.219 0.521 0.332
Lead 8 63% 0.0520 0.198 0.111
Magnesium 8 100% 348 505 432
Manganese 8 100% 5.18 8.80 6.36
Mercury 8 100% 0.0532 0.372 0.125
Nickel 8 100% 0.0679 0.796 0.239
Vanadium 8 100% 0.279 0.595 0.377
Zinc 8 100% 137 308 198

Polychlorinated Biphenyls (ng/kg ww)
PCB077 8 100% 28.8 52.5 37.4
PCB081 8 25% 2.34 15.1 4.86
PCB105 8 100% 1,700 7,130 3,890
PCB114 8 100% 113 451 255
PCB118 8 100% 7,240 27,400 15,900
PCB123 8 100% 58.3 404 223
PCB126 8 75% 7.92 24.7 16.4
PCB156+158 8 100% 1,010 4,420 2,400
PCB167 8 100% 455 1,250 866
PCB169 8 13% 2.10 32.7 9.87
PCB189 8 100% 126 599 285
TEQP,M (ND=1/2DL) 8 100% 1.25 4.29 2.66

Semivolatile Organic Compounds (µg/kg ww)
Bis(2-ethylhexyl)phthalate 8 0% 105 927 816

Notes

Total PCBs: see Table 5-16

COPC = chemical of potential concern
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
ww = wet weight

TEQP,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated for dioxin-like PCBs (Table 2-15) using 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

Table 4-14
Summary Statistics for Metals, PCB, and SVOC Concentrations in Background Whole Hardhead Catfish Samples

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  
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Analyte
Number of

Samples
Detection
Frequency

Minimum 
(ng/kg ww)

Maximum 
(ng/kg ww)

Mean 
(ng/kg ww)

2,3,7,8-TCDD 10 10% 0.0375 0.454 0.152
1,2,3,7,8-PeCDD 10 0% 0.0311 0.0660 0.0450
1,2,3,4,7,8-HxCDD 10 0% 0.0281 0.0484 0.0368
1,2,3,6,7,8-HxCDD 10 0% 0.0385 0.0665 0.0488
1,2,3,7,8,9-HxCDD 10 0% 0.0312 0.0540 0.0403
1,2,3,4,6,7,8-HpCDD 10 60% 0.147 0.554 0.370
OCDD 10 100% 3.85 6.22 4.84
2,3,7,8-TCDF 10 90% 0.293 2.31 1.22
1,2,3,7,8-PeCDF 10 0% 0.0314 0.0605 0.0387
2,3,4,7,8-PeCDF 10 0% 0.0304 0.0580 0.0386
1,2,3,4,7,8-HxCDF 10 0% 0.0262 0.0362 0.0311
1,2,3,6,7,8-HxCDF 10 0% 0.0245 0.0343 0.0295
1,2,3,7,8,9-HxCDF 10 0% 0.0318 0.0486 0.0411
2,3,4,6,7,8-HxCDF 10 0% 0.0293 0.0411 0.0345
1,2,3,4,6,7,8-HpCDF 10 0% 0.0208 0.0435 0.0353
1,2,3,4,7,8,9-HpCDF 10 0% 0.0292 0.0645 0.0500
OCDF 10 0% 0.0580 0.0915 0.0732
TEQDF,M (ND=1/2DL) 10 100% 0.173 0.702 0.364

Notes

ww = wet weight

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  
TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with non detects set at one-half the 
detection limit.

Table 4-15
Summary Statistics for Dioxin and Furan Concentrations in Background Common Rangia (Clam) Samples
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Analyte
Number of

Samples
Detection
Frequency Minimum Maximum Mean

Metals (mg/kg ww)
Aluminum 10 100% 1.67 6.14 3.21
Arsenic 10 100% 0.389 0.576 0.491
Barium 10 100% 0.958 1.26 1.06
Cadmium 10 100% 0.00930 0.0159 0.0127
Chromium 10 100% 0.0900 0.240 0.140
Cobalt 10 100% 0.118 0.254 0.195
Copper 10 100% 1.03 1.87 1.46
Lead 10 100% 0.00560 0.0113 0.00769
Magnesium 10 100% 232 318 286
Manganese 10 100% 0.331 1.80 1.12
Mercury 10 100% 0.00460 0.00800 0.00617
Nickel 10 100% 0.717 1.39 1.20
Vanadium 10 100% 0.0200 0.0400 0.0340
Zinc 10 100% 5.80 12.0 9.42

Polychlorinated Biphenyls (ng/kg ww)
PCB077 10 80% 8.35 30.8 18.5
PCB081 10 0% 0.870 1.41 1.09
PCB105 10 40% 68.5 294 145
PCB114 10 80% 4.33 19.3 12.0
PCB118 10 100% 418 818 556
PCB123 10 80% 5.85 15.3 10.6
PCB126 10 0% 0.795 2.01 1.28
PCB156+158 10 40% 29.1 112 60.3
PCB167 10 100% 25.8 50.2 35.8
PCB169 10 0% 0.468 1.30 0.865
PCB189 10 40% 0.675 6.21 3.17
TEQP,M (ND=1/2DL) 10 100% 0.118 0.283 0.181

Semivolatile Organic Compounds (µg/kg ww)
Carbazole 10 0% 2 2 2
Bis(2-ethylhexyl)phthalate 10 0% 105 105 105
Phenol 10 0% 7 11 8.5

Notes

Total PCBs: see Table 5-17

COPC = chemical of potential concern
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
ww = wet weight

TEQP,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated for dioxin-like PCBs (Table 2-15) using 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the 

 

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  

Table 4-16
Summary Statistics for Metals, PCB, and SVOC  Concentrations in Background Common Rangia (Clam) Samples
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Analyte
Number of

Samples
Detection
Frequency

Minimum 
(ng/kg ww)

Maximum 
(ng/kg ww)

Mean 
(ng/kg ww)

2,3,7,8-TCDD 8 0% 0.00710 0.169 0.0685
1,2,3,7,8-PeCDD 8 0% 0.00685 0.0795 0.0247
1,2,3,4,7,8-HxCDD 8 0% 0.00940 0.0459 0.0205
1,2,3,6,7,8-HxCDD 8 0% 0.0114 0.0600 0.0254
1,2,3,7,8,9-HxCDD 8 0% 0.0101 0.0493 0.0218
1,2,3,4,6,7,8-HpCDD 8 75% 0.0347 0.381 0.200
OCDD 8 50% 0.461 4.55 2.22
2,3,7,8-TCDF 8 25% 0.00775 0.444 0.132
1,2,3,7,8-PeCDF 8 0% 0.0123 0.0410 0.0205
2,3,4,7,8-PeCDF 8 0% 0.0120 0.0405 0.0201
1,2,3,4,7,8-HxCDF 8 0% 0.00940 0.0331 0.0162
1,2,3,6,7,8-HxCDF 8 0% 0.00890 0.0332 0.0157
1,2,3,7,8,9-HxCDF 8 0% 0.00955 0.0498 0.0203
2,3,4,6,7,8-HxCDF 8 0% 0.00855 0.0366 0.0172
1,2,3,4,6,7,8-HpCDF 8 13% 0.0118 0.0621 0.0282
1,2,3,4,7,8,9-HpCDF 8 0% 0.0141 0.0695 0.0286
OCDF 8 13% 0.0140 0.341 0.0764
TEQDF,M (ND=1/2DL) 8 88% 0.0354 0.307 0.130

Notes

ww = wet weight

Table 4-17
Summary Statistics for Dioxin and Furan Concentrations in Background Whole Gulf Killifish  Samples

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  
TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with non detects set at one-half the 
detection limit.
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Analyte
Number of

Samples
Detection
Frequency Minimum Maximum Mean

Metals (mg/kg ww)
Aluminum 8 100% 32.4 117 63.5
Arsenic 8 100% 0.182 0.215 0.198
Barium 8 100% 3.58 5.55 4.56
Cadmium 8 13% 0.000750 0.00890 0.00239
Chromium 8 100% 0.190 0.450 0.291
Cobalt 8 100% 0.0511 0.0766 0.0636
Copper 8 100% 0.894 1.50 1.24
Lead 8 100% 0.0457 0.0971 0.0615
Magnesium 8 100% 478 568 534
Manganese 8 100% 13.6 31.2 22.3
Mercury 8 100% 0.0225 0.0694 0.0393
Nickel 8 100% 0.410 0.550 0.485
Vanadium 8 100% 0.380 0.510 0.434
Zinc 8 100% 35.8 43.6 41.1

Polychlorinated Biphenyls (ng/kg ww)
PCB077 8 0% 3.65 5.65 4.67
PCB081 8 0% 0.470 1.35 0.789
PCB105 8 100% 194 329 229
PCB114 8 75% 6.25 22.1 13.6
PCB118 8 100% 583 941 693
PCB123 8 50% 3.81 15.7 8.12
PCB126 8 38% 0.620 5.90 2.38
PCB156+158 8 100% 83.5 140 102
PCB167 8 100% 42.8 60.5 47.6
PCB169 8 0% 0.426 1.16 0.750
PCB189 8 63% 2.04 6.53 4.13
TEQP,M (ND=1/2DL) 8 100% 0.103 0.653 0.295

Semivolatile Organic Compounds (µg/kg ww)
Carbazole 8 0% 2 2 2
Bis(2-ethylhexyl)phthalate 8 0% 105 105 105
Phenol 8 100% 32 75 45.8

Notes

Total PCBs: see Table 5-18

COPC = chemical of potential concern
PCB = polychlorinated biphenyl
SVOC = semivolatile organic compound
ww = wet weight

TEQP,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated for dioxin-like PCBs (Table 2-15)  using 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection 

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  

Table- 4-18
Summary Statistics for Metals, PCB, and SVOC Concentrations in Background Whole Gulf Killifish Samples
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Analyte Distribution

Number of 
High-Biasing 
Nondetects

Number of High 
Outliers

Number of Low 
Outliers

Number of 
Tests alpha

Sample ID of 
Outlier

TEQ
TEQDF,M (ND=1/2DL) lognormal 0 0 0 1 0.05
TEQP,M (ND=1/2DL) no data NA NA NA NA NA
TEQDFP,M (ND=1/2DL) no data NA NA NA NA NA
TEQDF,M (ND=0) lognormal 0 0 0 1 0.05

Polychlorinated Biphenyls
Total PCB Aroclors (ND=0) all below DL 0 NA NA NA NA
Total PCB Aroclors (ND = 1/2 DL) all below DL 0 NA NA NA NA

Semivolatile Organic Compounds
2,4-Dichlorophenol all below DL 0 NA NA NA NA
2,4,5-Trichlorophenol all below DL 0 NA NA NA NA
2,4,6-Trichlorophenol all below DL 0 NA NA NA NA
2,3,4,6-Tetrachlorophenol all below DL 0 NA NA NA NA
Acenaphthene unknown 0 NA NA NA NA
Bis(2-ethylhexyl)phthalate unknown 1 NA NA NA NA
Carbazole unknown 0 NA NA NA NA
Fluorene unknown 0 NA NA NA NA
Hexachlorobenzene all below DL 0 NA NA NA NA
Naphthalene unknown 0 NA NA NA NA
Pentachlorophenol all below DL 0 NA NA NA NA
Phenanthrene unknown 0 NA NA NA NA
Phenol unknown 0 NA NA NA NA

Volatile Organic Compounds
1,2-Dichlorobenzene all below DL 0 NA NA NA NA
1,3-Dichlorobenzene all below DL 0 NA NA NA NA
1,4-Dichlorobenzene all below DL 0 NA NA NA NA
1,2,3-Trichlorobenzene all below DL 0 NA NA NA NA

Surface Soil (0 to 6 inches)

Table 4-19
Summary of Outlier Data for Surface and Subsurface Soil Samples from Background
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Analyte Distribution

Number of 
High-Biasing 
Nondetects

Number of High 
Outliers

Number of Low 
Outliers

Number of 
Tests alpha

Sample ID of 
Outlier

     

Table 4-19
Summary of Outlier Data for Surface and Subsurface Soil Samples from Background

1,2,4-Trichlorobenzene all below DL 0 NA NA NA NA
Chloroform unknown 0 NA NA NA NA

Metals
Aluminum normal 0 0 0 1 0.05
Antimony lognormal 0 0 0 1 0.05
Arsenic normal 0 0 0 1 0.05
Barium normal 0 0 0 1 0.05
Cadmium lognormal 0 0 0 1 0.05
Chromium normal 0 0 0 1 0.05
Cobalt lognormal 0 0 0 1 0.05
Copper normal 0 1 0 2 0.05 SJBSS010
Lead lognormal 0 0 0 1 0.05
Magnesium lognormal 0 0 0 1 0.05
Manganese lognormal 0 0 0 1 0.05
Mercury lognormal 0 0 0 1 0.05
Nickel lognormal 0 0 0 1 0.05
Silver normal 0 0 0 1 0.05
Thallium unknown 0 NA NA NA NA
Vanadium normal 0 0 0 1 0.05
Zinc lognormal 0 0 0 1 0.05

TEQ
TEQDF,M (ND=1/2DL) lognormal 0 1 0 2 0.05 SJBSS007
TEQDF,M (ND=0) lognormal 0 0 0 1 0.05

Polychlorinated Biphenyls
Total PCB Aroclors (ND=0) all below DL 0 NA NA NA NA
Total PCB Aroclors (ND = 1/2 DL) all below DL 0 NA NA NA NA

Subsurface Soil (6 to 12 inches)
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Analyte Distribution

Number of 
High-Biasing 
Nondetects

Number of High 
Outliers

Number of Low 
Outliers

Number of 
Tests alpha

Sample ID of 
Outlier

     

Table 4-19
Summary of Outlier Data for Surface and Subsurface Soil Samples from Background

Semivolatile Organic Compounds
2,4-Dichlorophenol all below DL 0 NA NA NA NA
2,4,5-Trichlorophenol all below DL 0 NA NA NA NA
2,4,6-Trichlorophenol all below DL 0 NA NA NA NA
2,3,4,6-Tetrachlorophenol all below DL 0 NA NA NA NA
Acenaphthene unknown 0 NA NA NA NA
Bis(2-ethylhexyl)phthalate unknown 2 NA NA NA NA
Carbazole unknown 0 NA NA NA NA
Fluorene unknown 0 NA NA NA NA
Hexachlorobenzene all below DL 0 NA NA NA NA
Naphthalene unknown 0 NA NA NA NA
Pentachlorophenol all below DL 0 NA NA NA NA
Phenanthrene unknown 0 NA NA NA NA
Phenol all below DL 0 NA NA NA NA

Volatile Organic Compounds
1,2-Dichlorobenzene all below DL 0 NA NA NA NA
1,3-Dichlorobenzene all below DL 0 NA NA NA NA
1,4-Dichlorobenzene all below DL 0 NA NA NA NA
1,2,3-Trichlorobenzene all below DL 0 NA NA NA NA
1,2,4-Trichlorobenzene all below DL 0 NA NA NA NA
Chloroform unknown 0 NA NA NA NA

Metals
Aluminum unknown 0 NA NA NA NA
Antimony lognormal 0 1 0 2 0.05 SJBSS008
Arsenic lognormal 0 1 0 2 0.05 SJBSS008
Barium lognormal 0 0 0 1 0.05
Cadmium lognormal 0 0 0 1 0.05
Chromium normal 0 0 0 1 0.05
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Analyte Distribution
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High-Biasing 
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Number of High 
Outliers

Number of Low 
Outliers

Number of 
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Sample ID of 
Outlier

     

Table 4-19
Summary of Outlier Data for Surface and Subsurface Soil Samples from Background

Cobalt lognormal 0 0 0 1 0.05
Copper unknown 0 NA NA NA NA
Lead normal 0 0 0 1 0.05
Magnesium lognormal 0 0 0 1 0.05
Manganese lognormal 0 0 0 1 0.05
Mercury lognormal 0 0 0 1 0.05
Nickel lognormal 0 0 0 1 0.05
Silver lognormal 0 1 0 2 0.05 SJBSS007
Thallium lognormal 0 1 1 3 0.025 SJBSS070 (high); 

SJBSS011 (low)
Vanadium normal 0 0 0 1 0.05
Zinc unknown 0 NA NA NA NA

Notes

DL = detection limit
NA = not applicable
PCB = polychlorinated biphenyl
TEQ = toxicity equivalent

TEQDF,M (ND=0) = TCDD toxicity equivalent calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set to zero.

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated using dioxins and furans and mammalian toxicity equivalency factors (Van 
den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-
half the detection limit.
TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with 
nondetects set at one-half the detection limit.
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Analyte Distribution
Number of High Biasing 

Nondetects
Number of High 

Outliers
Number of Low 

Outliers Number of Tests alpha

TEQDF,M (ND=1/2DL) lognormal 0 0 0 1 0.05
TEQP,M (ND=1/2DL) normal 3 0 0 1 0.05
TEQDFP,M (ND=1/2DL) lognormal 0 0 0 1 0.05
TEQDF,M (ND=0) lognormal 0 0 0 1 0.05
TEQP,M (ND=0) normal 0 0 0 1 0.05
TEQDFP,M (ND=0) lognormal 0 0 0 1 0.05

Bis(2-ethylhexyl)phthalate unknown 0 NA NA NA NA
Carbazole all below DL 0 NA NA NA NA
Phenol all below DL 0 NA NA NA NA

Aluminum lognormal 0 0 0 1 0.05
Arsenic lognormal 0 0 0 1 0.05
Barium normal 0 0 0 1 0.05
Cadmium unknown 0 NA NA NA NA
Chromium lognormal 0 0 0 1 0.05
Cobalt normal 0 0 0 1 0.05
Copper lognormal 0 0 0 1 0.05
Lead lognormal 0 0 0 1 0.05
Magnesium lognormal 0 0 0 1 0.05
Manganese lognormal 0 0 0 1 0.05
Mercury lognormal 0 0 0 1 0.05
Nickel lognormal 0 0 0 1 0.05
Thallium all below DL 0 NA NA NA NA

Metals

Table 4-20
Summary of Outlier Data for Surface Sediment Samples from Background

TEQ

Semivolatile Organic Compounds
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Analyte Distribution
Number of High Biasing 

Nondetects
Number of High 

Outliers
Number of Low 

Outliers Number of Tests alpha

Table 4-20
Summary of Outlier Data for Surface Sediment Samples from Background

Vanadium normal 0 0 0 1 0.05
Zinc lognormal 0 0 0 1 0.05

Notes

DL = detection limit
NA = not applicable
PCB = polychlorinated biphenyl
TEQ = toxicity equivalent

TEQDFP,M (ND=0) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg et 
al. 2006) with nondetects set to zero.

TEQP,M (ND=0) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with 
nondetects set at to zero.

TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency factors (Van den 
Berg et al. 2006) with nondetects set at one-half the detection limit.

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated using dioxins and furans and mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (van den Berg et al. 2006) with 
nondetects set at one-half the detection limit.

TEQDF,M (ND=0) = TCDD toxicity equivalent calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with 
nondetects set to zero.
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Analyte Distribution
Number of High 

Biasing Nondetects
Number of High 

Outliers
Number of Low 

Outliers
Number of 

Tests alpha
Sample ID of 

Outlier

TEQDF,M (ND=1/2DL) unknown 0 NA NA NA NA
TEQP,M (ND=1/2DL) normal 0 1 0 2 0.05 SJFCACB-CR2
TEQDFP,M (ND=1/2DL) normal 0 0 0 1 0.05
TEQDF,M (ND=0) unknown 0 NA NA NA NA
TEQP,M (ND=0) normal 0 0 0 1 0.05
TEQDFP,M (ND=0) normal 0 0 0 1 0.05

Total PCBs normal 0 0 0 1 0.05
Total 43 PCB Congeners (ND=0) normal 0 1 0 2 0.05 SJFCACB-CR5
Total 43 PCB Congeners (ND=1/2DL) normal 0 1 0 2 0.05 SJFCACB-CR5

Bis(2-ethylhexyl)phthalate all below DL 0 NA NA NA NA
Carbazole no data NA NA NA NA NA
Phenol no data NA NA NA NA NA

Aluminum normal 0 0 0 1 0.05
Arsenic lognormal 0 0 0 1 0.05
Barium normal 0 0 0 1 0.05
Cadmium lognormal 0 1 0 2 0.05 SJFCACB-CR2
Chromium normal 0 0 0 1 0.05
Cobalt normal 0 0 0 1 0.05
Copper normal 0 0 0 1 0.05
Lead unknown 0 NA NA NA NA
Magnesium normal 0 0 0 1 0.05
Manganese normal 0 0 0 1 0.05
Mercury lognormal 0 1 0 2 0.05 SJFCACB-CR10
Nickel all below DL 0 NA NA NA NA
Thallium no data NA NA NA NA NA

Table 4-21
Summary of Outlier Data for Edible Blue Crab Tissue Samples from Background

TEQ

Polychlorinated Biphenyls

Semivolatile Organic Compounds

Metals



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 2 May 2013

Analyte Distribution
Number of High 

Biasing Nondetects
Number of High 

Outliers
Number of Low 

Outliers
Number of 

Tests alpha
Sample ID of 

Outlier

Table 4-21
Summary of Outlier Data for Edible Blue Crab Tissue Samples from Background

Vanadium unknown 0 NA NA NA NA
Zinc normal 0 0 0 1 0.05

Notes

DL = detection limit
NA = not applicable
PCB = polychlorinated biphenyl
TEQ = toxicity equivalent

TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency factors (Van den 
Berg et al. 2006) with nondetects set at one-half the detection limit.

TEQDFP,M (ND=0) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg et 
al. 2006) with nondetects set to zero.

TEQDF,M (ND=0) = TCDD toxicity equivalent calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with 
nondetects set to zero.
TEQP,M (ND=0) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (van den Berg et al. 2006) with 
nondetects set at to zero.

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated using dioxins and furans and mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with 
nondetects set at one-half the detection limit.

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners (Table 2-16), or as the sum of concentrations of detected 
Aroclors.  When Aroclors are never detected, total PCBs is estimated as one half of the highest Aroclor detection limit.
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Analyte Distribution
Number of High 

Biasing Nondetects
Number of High 

Outliers
Number of Low 

Outliers
Number of 

Tests alpha

TEQDF,M (ND=1/2DL) not enough data 0 NA NA NA NA
TEQP,M (ND=1/2DL) not enough data 0 NA NA NA NA
TEQDFP,M (ND=1/2DL) not enough data 0 NA NA NA NA
TEQDF,M (ND=0) not enough data 0 NA NA NA NA
TEQP,M (ND=0) not enough data 0 NA NA NA NA
TEQDFP,M (ND=0) not enough data 0 NA NA NA NA

Total PCBs not enough data 0 NA NA NA NA
Total 43 PCB Congeners (ND=0) not enough data 0 NA NA NA NA
Total 43 PCB Congeners (ND=1/2DL) not enough data 0 NA NA NA NA

Bis(2-ethylhexyl)phthalate not enough data 0 NA NA NA NA
Carbazole no data NA NA NA NA NA
Phenol no data NA NA NA NA NA

Aluminum not enough data 0 NA NA NA NA
Arsenic not enough data 0 NA NA NA NA
Barium not enough data 0 NA NA NA NA
Cadmium not enough data 0 NA NA NA NA
Chromium not enough data 0 NA NA NA NA
Cobalt not enough data 0 NA NA NA NA
Copper not enough data 0 NA NA NA NA
Lead not enough data 0 NA NA NA NA
Magnesium not enough data 0 NA NA NA NA
Manganese not enough data 0 NA NA NA NA
Mercury not enough data 0 NA NA NA NA
Nickel not enough data 0 NA NA NA NA

Table 4-22
Summary of Outlier Data for Whole Blue Crab Samples from Background

TEQ

Polychlorinated Biphenyls

Semivolatile Organic Compounds

Metals
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Analyte Distribution
Number of High 

Biasing Nondetects
Number of High 

Outliers
Number of Low 

Outliers
Number of 

Tests alpha

Table 4-22
Summary of Outlier Data for Whole Blue Crab Samples from Background

Thallium no data NA NA NA NA NA
Vanadium not enough data 0 NA NA NA NA
Zinc not enough data 0 NA NA NA NA

Notes

NA = not applicable
PCB = polychlorinated biphenyl
TEQ = toxicity equivalent

TEQP,M (ND=0) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 
2006) with nondetects set at to zero.
TEQDFP,M (ND=0) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency factors 
(Van den Berg et al. 2006) with nondetects set to zero.

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated using dioxins and furans and 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (van den Berg et al. 
2006) with nondetects set at one-half the detection limit.
TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency 
factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQDF,M (ND=0) = TCDD toxicity equivalent calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 
2006) with nondetects set to zero.

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners (Table 2-16), or as the sum of concentrations of 
detected Aroclors.  When Aroclors are not detected, total PCBs is estimates as one half of the highest Aroclor detection limit.
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Analyte Distribution

Number of High 
Biasing 

Nondetects

Number of 
High 

Outliers
Number of 

Low Outliers
Number of 

Tests alpha
Sample ID of 

Outlier

TEQDF,M (ND=1/2DL) lognormal 0 0 0 1 0.05
TEQP,M (ND=1/2DL) lognormal 0 0 0 1 0.05
TEQDFP,M (ND=1/2DL) lognormal 0 0 0 1 0.05
TEQDF,M (ND=0) lognormal 0 0 0 1 0.05
TEQP,M (ND=0) lognormal 0 0 0 1 0.05
TEQDFP,M (ND=0) normal 0 1 0 2 0.05 SJFCACB-LF3

Total PCBs normal 0 0 0 1 0.05
Total 43 PCB Congeners (ND=0) normal 0 0 0 1 0.05
Total 43 PCB Congeners (ND=1/2DL) normal 0 0 0 1 0.05

Bis(2-ethylhexyl)phthalate all below DL 0 NA NA NA NA

Aluminum normal 0 1 0 2 0.05 SJFCACB-LF3
Arsenic normal 0 0 0 1 0.05
Barium normal 0 1 0 2 0.05 SJFCACB-LF3
Cadmium unknown 0 NA NA NA NA
Chromium all below DL 0 NA NA NA NA
Cobalt unknown 0 NA NA NA NA
Copper unknown 0 NA NA NA NA
Lead lognormal 1 1 0 2 0.05 SJFCACB-LF1
Magnesium normal 0 0 0 1 0.05
Manganese normal 0 0 0 1 0.05
Mercury normal 0 0 0 1 0.05
Nickel lognormal 0 1 0 2 0.05 SJFCACB-LF1
Thallium no data NA NA NA NA NA

Table 4-23
Summary of Outlier Data for Hardhead Catfish Fillet Samples from Background

Metals

TEQ

Polychlorinated Biphenyls

Semivolatile Organic Compounds
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Analyte Distribution

Number of High 
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Nondetects

Number of 
High 

Outliers
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Low Outliers
Number of 
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Sample ID of 
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Table 4-23
Summary of Outlier Data for Hardhead Catfish Fillet Samples from Background

Vanadium unknown 3 NA NA NA NA
Zinc normal 0 0 0 1 0.05

Notes

DL = detection limit
NA = not applicable
PCB = polychlorinated biphenyl
TEQ = toxicity equivalent

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners (Table 2-16), or as the sum of concentrations of 
detected Aroclors.  When Aroclors are not detected, total PCBs is estimates as one half of the highest Aroclor detection limit.

TEQDFP,M (ND=0) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency factors (Van den 
Berg et al. 2006) with nondetects set to zero.

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated using dioxins and furans and mammalian 
toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (van den Berg et al. 2006) 
with nondetects set at one-half the detection limit.
TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency factors 
(Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQDF,M (ND=0) = TCDD toxicity equivalent calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) 
with nondetects set to zero.
TEQP,M (ND=0) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with 
nondetects set at to zero.



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 1 May 2013

Analyte Distribution
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Low Outliers
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Sample ID 
of Outlier

TEQDF,M (ND=1/2DL) normal 0 0 1 2 0.05 SJFCACB-LF4
TEQP,M (ND=1/2DL) normal 0 0 0 1 0.05
TEQDFP,M (ND=1/2DL) normal 0 0 0 1 0.05
TEQDF,M (ND=0) normal 0 0 1 2 0.05 SJFCACB-LF4
TEQP,M (ND=0) normal 0 0 0 1 0.05
TEQDFP,M (ND=0) normal 0 0 0 1 0.05

Total PCBs normal 0 0 0 1 0.05
Total 43 PCB Congeners (ND=0) normal 0 0 0 1 0.05
Total 43 PCB Congeners (ND=1/2DL) normal 0 0 0 1 0.05

Bis(2-ethylhexyl)phthalate all below DL 0 NA NA NA NA

Aluminum normal 0 1 0 2 0.05 SJFCACB-LF4
Arsenic normal 0 0 0 1 0.05
Barium normal 0 1 0 2 0.05 SJFCACB-LF2
Cadmium unknown 0 NA NA NA NA
Chromium lognormal 0 0 0 1 0.05
Cobalt normal 0 0 0 1 0.05
Copper normal 0 0 0 1 0.05
Lead normal 0 0 0 1 0.05
Magnesium normal 0 0 0 1 0.05
Manganese lognormal 0 0 0 1 0.05
Mercury lognormal 0 1 0 2 0.05 SJFCACB-LF5
Nickel lognormal 0 0 0 1 0.05
Thallium no data NA NA NA NA NA

Table 4-24
Summary of Outlier Data for Whole Hardhead Catfish Samples from Background

TEQ

Polychlorinated Biphenyls

Semivolatile Organic Compounds

Metals
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Table 4-24
Summary of Outlier Data for Whole Hardhead Catfish Samples from Background

Vanadium normal 0 0 0 1 0.05
Zinc normal 0 0 0 1 0.05

Notes

DL = detection limit
NA = not applicable
PCB = polychlorinated biphenyl
TEQ = toxicity equivalent

TEQDFP,M (ND=0) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency factors (Van 
den Berg et al. 2006) with nondetects set to zero.

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated using dioxins and furans and mammalian 
toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (van den Berg et al. 
2006) with nondetects set at one-half the detection limit.
TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency factors 
(Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQDF,M (ND=0) = TCDD toxicity equivalent calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) 
with nondetects set to zero.
TEQP,M (ND=0) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 2006) 
with nondetects set at to zero.

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners (Table 2-16), or as the sum of concentrations of 
detected Aroclors.  When Aroclors are not detected, total PCBs is estimates as one half of the highest Aroclor detection limit.
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Analyte Distribution
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Nondetects
Number of 

High Outliers
Number of Low 

Outliers Number of Tests alpha
Sample ID 
of Outlier

TEQDF,M (ND=1/2DL) normal 0 0 0 1 0.05
TEQP,M (ND=1/2DL) normal 0 0 0 1 0.05
TEQDFP,M (ND=1/2DL) normal 0 0 0 1 0.05
TEQDF,M (ND=0) lognormal 0 0 1 2 0.05 CLTTR8-005
TEQP,M (ND=0) normal 0 0 0 1 0.05
TEQDFP,M (ND=0) lognormal 0 0 0 1 0.05

Total PCBs normal 0 0 0 1 0.05
Total 43 PCB Congeners (ND=0) normal 0 0 0 1 0.05
Total 43 PCB Congeners (ND=1/2DL) normal 0 0 0 1 0.05

Bis(2-ethylhexyl)phthalate all below DL 0 NA NA NA NA
Carbazole all below DL 0 NA NA NA NA
Phenol all below DL 0 NA NA NA NA

Aluminum normal 0 0 0 1 0.05
Arsenic normal 0 0 0 1 0.05
Barium normal 0 0 0 1 0.05
Cadmium normal 0 0 0 1 0.05
Chromium normal 0 1 0 2 0.05
Cobalt normal 0 0 0 1 0.05
Copper normal 0 0 0 1 0.05
Lead normal 0 0 0 1 0.05
Magnesium normal 0 0 1 2 0.05 CLTTR8-005
Manganese normal 0 0 0 1 0.05
Mercury normal 0 0 0 1 0.05
Nickel unknown 0 NA NA NA NA
Thallium no data NA NA NA NA NA

Table 4-25
Summary of Outlier Data for Common Rangia (Clam) Samples from Background

TEQ

Polychlorinated Biphenyls

Semivolatile Organic Compounds

Metals
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Table 4-25
Summary of Outlier Data for Common Rangia (Clam) Samples from Background

Vanadium unknown 0 NA NA NA NA
Zinc normal 0 0 1 2 0.05 CLTTR8-003

Notes

DL = detection limit
NA = not applicable
PCB = polychlorinated biphenyl
TEQ = toxicity equivalent

TEQDFP,M (ND=0) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 
2006) with nondetects set to zero.

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated using dioxins and furans and mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with 
nondetects set at one-half the detection limit.
TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg 
et al. 2006) with nondetects set at one-half the detection limit.
TEQDF,M (ND=0) = TCDD toxicity equivalent calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with 
nondetects set to zero.
TEQP,M (ND=0) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with 
nondetects set at to zero.

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners (Table 2-16), or as the sum of concentrations of detected 
Aroclors.  When Aroclors are not detected, total PCBs is estimates as one half of the highest Aroclor detection limit.



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site  1 May 2013

Analyte Distribution

Number of High 
Biasing 

Nondetects

Number of 
High 

Outliers

Number of 
Low 

Outliers
Number of 

Tests alpha
Sample ID 
of Outlier

TEQDF,M (ND=1/2DL) normal 0 0 0 1 0.05
TEQP,M (ND=1/2DL) normal 0 0 0 1 0.05
TEQDFP,M (ND=1/2DL) normal 0 0 0 1 0.05
TEQDF,M (ND=0) lognormal 0 0 0 1 0.05
TEQP,M (ND=0) lognormal 0 0 0 1 0.05
TEQDFP,M (ND=0) lognormal 0 0 0 1 0.05

Total PCBs normal 0 0 0 1 0.05
Total 43 PCB Congeners (ND=0) normal 0 0 0 1 0.05
Total 43 PCB Congeners (ND=1/2 normal 0 0 0 1 0.05

Bis(2-ethylhexyl)phthalate all below DL 0 NA NA NA NA

Aluminum normal 0 0 0 1 0.05
Arsenic normal 0 0 0 1 0.05
Barium normal 0 0 0 1 0.05
Cadmium lognormal 0 1 0 2 0.05 GK-TTR8-1
Chromium normal 0 0 0 1 0.05
Cobalt normal 0 0 0 1 0.05
Copper normal 0 0 0 1 0.05
Lead normal 0 1 0 2 0.05 GK-TTR7-4
Magnesium normal 0 0 0 1 0.05
Manganese normal 0 0 0 1 0.05
Mercury normal 0 0 0 1 0.05
Nickel normal 0 0 0 1 0.05
Thallium No Data NA NA NA NA NA
Vanadium normal 0 0 0 1 0.05
Zinc normal 0 0 1 2 0.05 GK-TTR7-2

Notes

NA = not applicable
PCB = polychlorinated biphenyl
TEQ = toxicity equivalent

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners (Table 2-16), or as the sum 
of concentrations of detected Aroclors.  When Aroclors are not detected, total PCBs is estimates as one half of the highest 
Aroclor detection limit.

TEQDFP,M (ND=0) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set to zero.

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated using dioxins and 
furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection 
limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors 
(Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQDF,M (ND=0) = TCDD toxicity equivalent calculated using dioxins and furans and mammalian toxicity equivalency factors 
(Van den Berg et al. 2006) with nondetects set to zero.

TEQP,M (ND=0) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity equivalency factors (Van 
den Berg et al. 2006) with nondetects set at to zero.

Metals

Table 4-26
Summary of Outlier Data for Whole Gulf Killifish Samples from Background

TEQ

Polychlorinated Biphenyls

Semivolatile Organic Compounds
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Analyte
MWW

p -value Location Shift REV Units

TEQ
TEQDF,M (ND=1/2DL) <0.05 5.20 24.3 ng/kg
TEQP,M (ND=1/2DL) NA NA NA NA
TEQDFP,M (ND=1/2DL) NA NA NA NA

Polychlorinated Biphenyls
Total PCBs NA NA NA NA

Total PCB Aroclors (ND = 1/2 DL) 0.801 -1.88x10–5 NA NA
Total 43 PCB Congeners (ND=1/2DL) NA NA NA NA

Semivolatile Organic Compounds
Bis(2-ethylhexyl)phthalate <0.05 54.0 150 µg/kg
Carbazole <0.05 9.97 170,000 µg/kg

Phenol 0.647 -4.22x10–5 1,700 µg/kg
Metals

Aluminum 0.982 -2,450 24,800 mg/kg
Arsenic 0.182 0.358 5.85 mg/kg
Barium 0.134 26.8 387 mg/kg
Cadmium <0.05 0.0867 1.24 mg/kg
Chromium 0.0714 2.50 22.1 mg/kg
Cobalt 0.245 0.400 26.4 mg/kg
Copper <0.05 6.50 18.9 mg/kg
Lead <0.05 11.8 89.2 mg/kg
Magnesium <0.05 658 19,000 mg/kg
Manganese 0.156 48.0 1,740 mg/kg
Mercury 0.595 -0.00104 0.164 mg/kg
Nickel 0.0632 1.96 41.8 mg/kg
Thallium <0.05 0.144 1.28 mg/kg
Vanadium 0.935 -4.27 53.0 mg/kg
Zinc <0.05 55.0 299 mg/kg

TEQ
TEQDF,M (ND=1/2DL) <0.05 8.52 6.26 ng/kg
TEQP,M (ND=1/2DL) NA NA NA NA
TEQDFP,M (ND=1/2DL) NA NA NA NA

Polychlorinated Biphenyls
Total PCBs NA NA NA NA
Total PCB Aroclors (ND = 1/2 DL) 0.716 -3.10 NA NA
Total 43 PCB Congeners (ND=1/2DL) NA NA NA NA

Surface Soil (0 to 6 inches)

Subsurface Soil (6 to 12 inches)

Table 4-27

Comparisons of COPC Concentrations in Surface and Subsurface Soil within USEPA's Preliminary Site Perimeter 
with those of Background
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Table 4-27

Comparisons of COPC Concentrations in Surface and Subsurface Soil within USEPA's Preliminary Site Perimeter 
with those of Background

Semivolatile Organic Compounds
Bis(2-ethylhexyl)phthalate <0.05 44.5 26.0 µg/kg
Carbazole <0.05 2.55 2,000 µg/kg
Phenol <0.05 0.550 36.0 µg/kg

Metals
Aluminum 0.902 -1,330 24,000 mg/kg
Arsenic 0.0597 0.560 5.79 mg/kg
Barium <0.05 44.8 683 mg/kg
Cadmium <0.05 0.150 0.670 mg/kg
Chromium <0.05 4.48 20.3 mg/kg
Cobalt 0.119 0.710 35.7 mg/kg
Copper <0.05 11.7 39.8 mg/kg
Lead <0.05 18.1 33.8 mg/kg
Magnesium <0.05 1,090 11,000 mg/kg
Manganese <0.05 87.0 2,680 mg/kg
Mercury 0.127 0.00995 0.165 mg/kg
Nickel <0.05 4.30 38.3 mg/kg
Thallium <0.05 0.412 0.195 mg/kg
Vanadium 0.996 -6.50 52.6 mg/kg
Zinc <0.05 99.2 48.3 mg/kg

Notes
Statistically significant differences are indicated by showing the p-value in bold typeface.

COPC = chemical of potential concern REV = reference envelope value
NA = not applicable TEQ = toxicity equivalent

PCB = polychlorinated biphenyl USEPA = U.S. Environmental Protection Agency

MWW = Mann-Whitney-Wilcoxon rank sum

TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection 

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated using 
dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at 
one-half the detection limit.

Total PCBs = calculated as the sum of all 209 congeners, the sum of the 43 selected congeners (Table 2-16), or as 
the sum of concentrations of detected Aroclors.  When Aroclors are not detected, total PCBs is estimates as one 
half of the highest Aroclor detection limit.
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Analyte
MWW

p -value Location Shift REV Units

TEQDF,M (ND=1/2DL) <0.05 6.91 7.21 ng/kg
TEQP,M (ND=1/2DL) <0.05 0.367 0.326 ng/kg
TEQDFP,M (ND=1/2DL) <0.05 24.0 12.3 ng/kg

Polychlorinated Biphenyls
Total PCBs NA NA NA NA
Total PCB Aroclors (ND = 1/2 DL) NA NA NA NA
Total 43 PCB Congeners (ND=1/2DL) NA NA NA NA

Bis(2-ethylhexyl)phthalate <0.05 5.00 20.0 µg/kg
Carbazole 0.0721 0.500 NA µg/kg
Phenol 0.333 0.500 NA µg/kg

Aluminum <0.05 2,570 13,300 mg/kg
Arsenic <0.05 1.08 5.55 mg/kg
Barium <0.05 30.9 69.8 mg/kg
Cadmium <0.05 0.100 0.400 mg/kg
Chromium <0.05 3.94 25.0 mg/kg
Cobalt <0.05 2.00 5.41 mg/kg
Copper <0.05 5.50 18.1 mg/kg
Lead <0.05 6.50 19.4 mg/kg
Magnesium <0.05 1220 7,390 mg/kg
Manganese <0.05 103 796 mg/kg
Mercury <0.05 0.0230 0.100 mg/kg
Nickel <0.05 3.38 18.7 mg/kg

Thallium 3.90 2.89x10–5 3.90 mg/kg
Vanadium <0.05 6.19 15.2 mg/kg
Zinc <0.05 23.1 115 mg/kg

Notes
Statistically significant differences are indicated by showing the p-value in bold typeface.

COPC = chemical of potential concern REV = reference envelope value
MWW = Mann-Whitney-Wilcoxon rank sum TEQ = toxicity equivalent
NA = not applicable USEPA = U.S. Environmental Protection Agency
PCB = polychlorinated biphenyl

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) 
calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et 
al. 2006) with nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian 
toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection 
li iTEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like 
PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at 
one-half the detection limit.

Table 4-28

Comparisons of COPC Concentrations in Surface Sediment Samples within USEPA's Preliminary Site 
Perimeter with those of Background

TEQ

Semivolatile Organic Compounds

Metals

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners 
(Table 2-16), or as the sum of concentrations of detected Aroclors.  When Aroclors are not 
detected, total PCBs is estimates as one half of the highest Aroclor detection limit.
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Analyte
MWW

p -value Location Shift REV Units

TEQDF,M (ND=1/2DL) <0.05 0.0776 0.639 ng/kg
TEQP,M (ND=1/2DL) <0.05 0.0533 0.142 ng/kg
TEQDFP,M (ND=1/2DL) <0.05 0.198 0.337 ng/kg

Total PCBs <0.05 3.18 2.40 µg/kg
Total PCB Aroclors (ND = 1/2 DL) NA NA NA NA
Total 43 PCB Congeners (ND=1/2DL) <0.05 2,610 1,590 ng/kg

Bis(2-ethylhexyl)phthalate all site data below DL NA NA µg/kg
Carbazole NA NA NA NA
Phenol NA NA NA NA

Aluminum 0.993 -0.715 6.21 mg/kg
Arsenic 0.998 -0.123 1.56 mg/kg
Barium <0.05 0.277 1.06 mg/kg
Cadmium <0.05 0.00599 0.00977 mg/kg
Chromium 0.228 0.00493 0.0507 mg/kg
Cobalt 1.00 -0.0159 0.0508 mg/kg
Copper <0.05 3.14 8.65 mg/kg
Lead 0.997 -0.00429 0.0300 mg/kg
Magnesium 0.100 21.0 474 mg/kg
Manganese <0.05 1.90 2.28 mg/kg
Mercury <0.05 0.0200 0.0296 mg/kg
Nickel all site data below DL NA NA mg/kg

Vanadium 0.890 -1.75x10–8 0.0300 mg/kg
Zinc <0.05 4.40 51.1 mg/kg

Notes
Statistically significant differences are indicated by showing the p-value in bold typeface.

COPC = chemical of potential concern PCB = polychlorinated biphenyl
DL = detection limit REV = reference envelope value
MWW = Mann-Whitney-Wilcoxon rank sum TEQ = toxicity equivalent

NA = not applicable USEPA = U.S. Environmental Protection Agency

a - Thallium is not considered bioaccumulative and was therefore not reported in tissue samples.

Table 4-29

Comparisons of COPC Concentrations in Edible Blue Crab Tissue Samples within USEPA's Preliminary 
Site Perimeter with those of Background

TEQ

Polychlorinated Biphenyls

Semivolatile Organic Compounds

Metalsa

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) 
calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 
2006) with nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian 
toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection 
limit.
TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs 
and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-
half the detection limit.

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners 
(Table 2-15), or as the sum of concentrations of detected Aroclors.  When Aroclors are not detected, 
total PCBs is estimates as one half of the highest Aroclor detection limit.
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Analyte
MWW

p -value Location Shift REV Units

TEQDF,M (ND=1/2DL) <0.05 2.48 5.42 ng/kg
TEQP,M (ND=1/2DL) <0.05 0.476 4.40 ng/kg
TEQDFP,M (ND=1/2DL) <0.05 3.79 1.65 ng/kg

Total PCBs <0.05 57.5 113 µg/kg
Total PCB Aroclors (ND = 1/2 DL) NA NA NA NA
Total 43 PCB Congeners (ND=1/2DL) <0.05 35,400 103,000 ng/kg

Bis(2-ethylhexyl)phthalate all site data below DL NA NA µg/kg
Carbazole NA NA NA NA
Phenol NA NA NA NA

Aluminum 0.926 -0.236 2.10 mg/kg
Arsenic <0.05 0.127 0.527 mg/kg
Barium <0.05 0.0428 0.206 mg/kg

Cadmium 0.579 -3.19x10–5 0.00370 mg/kg

Chromium 0.164 4.03x10–5 NA mg/kg
Cobalt 0.997 -0.00308 0.0509 mg/kg
Copper 0.108 0.0725 2.39 mg/kg

Lead 0.628 -2.86x10–4 0.0123 mg/kg
Magnesium <0.05 19.0 286 mg/kg
Manganese <0.05 0.0500 0.222 mg/kg
Mercury 0.825 -0.0141 0.239 mg/kg
Nickel <0.05 0.00679 0.0484 mg/kg
Vanadium all site data below DL NA 0.0200 mg/kg
Zinc <0.05 3.35 23.9 mg/kg

Notes
Statistically significant differences are indicated by showing the p-value in bold typeface.

COPC = chemical of potential concern PCB = polychlorinated biphenyl
DL = detection limit REV = reference envelope value
MWW = Mann-Whitney-Wilcoxon rank sum TEQ = toxicity equivalent

NA = not applicable USEPA = U.S. Environmental Protection Agency

a -  Thallium is not considered bioaccumulative and was therefore not reported in tissue samples.

Table 4-30
Comparisons of COPC Concentrations in Catfish Fillet Samples within USEPA's Preliminary Site Perimter 

with those of Background

TEQ

Polychlorinated Biphenyls

Semivolatile Organic Compounds

Metalsa

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) 
calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 
2006) with nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs 
and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half 
the detection limit.

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners 
(Table 2-16), or as the sum of concentrations of detected Aroclors.  When Aroclors are not detected, 
total PCBs is estimates as one half of the highest Aroclor detection limit.
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Analyte
MWW

p -value Location Shift REV Units

TEQDF,M (ND=1/2DL) <0.05 22.3 3.54 ng/kg
TEQP,M (ND=1/2DL) <0.05 5.98 5.49 ng/kg
TEQDFP,M (ND=1/2DL) <0.05 26.2 8.26 ng/kg

Total PCBs <0.05 396 655 µg/kg
Total PCB Aroclors (ND = 1/2 DL) no data NA NA NA
Total 43 PCB Congeners (ND=1/2DL) <0.05 301,000 585,000 ng/kg

Bis(2-ethylhexyl)phthalate all below DL NA NA NA
Carbazole no data NA NA NA
Phenol no data NA NA NA

Aluminum 0.996 -9.69 57.2 mg/kg
Arsenic <0.05 0.0622 0.544 mg/kg
Barium <0.05 1.95 7.92 mg/kg
Cadmium 0.0842 0.00262 0.131 mg/kg
Chromium <0.05 0.304 16.7 mg/kg
Cobalt 0.997 -0.0327 0.157 mg/kg
Copper <0.05 0.210 0.713 mg/kg
Lead 0.313 0.0277 0.315 mg/kg
Magnesium 0.775 -16.8 610 mg/kg
Manganese <0.05 3.45 12.2 mg/kg
Mercury 0.775 -0.0162 0.292 mg/kg
Nickel <0.05 0.117 2.17 mg/kg
Thallium no data NA NA NA
Vanadium 0.282 0.0303 0.721 mg/kg
Zinc 0.153 31.0 371 mg/kg

Notes
Statistically significant differences are indicated by showing the p-value in bold typeface.

COPC = chemical of potential concern PCB = polychlorinated biphenyl
DL = detection limit REV = reference envelope value
MWW = Mann-Whitney-Wilcoxon rank sum TEQ = toxicity equivalent

NA = not applicable USEPA = U.S. Environmental Protection Agency

Metals

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated 
using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with 
nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs and 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the 
detection limit.

Table 4-31

Comparisons of COPC Concentrations in Catfish Whole Body Samples within USEPA's Preliminary Site 
Perimeter with those of Background

TEQ

Polychlorinated Biphenyls

Semivolatile Organic Compounds

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners (Table 2-
16), or as the sum of concentrations of detected Aroclors.  When Aroclors are not detected, total PCBs is 
estimates as one half of the highest Aroclor detection limit.
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Analyte
MWW

p -value Location Shift REV Units

TEQDF,M (ND=1/2DL) <0.05 1.70 0.897 ng/kg
TEQP,M (ND=1/2DL) <0.05 0.145 0.334 ng/kg
TEQDFP,M (ND=1/2DL) <0.05 1.83 1.15 ng/kg

Total PCBs <0.05 15.9 22.2 µg/kg
Total PCB Aroclors (ND = 1/2 DL) NA NA NA NA
Total 43 PCB Congeners (ND=1/2DL) <0.05 11,400 15,500 ng/kg

Bis(2-ethylhexyl)phthalate all site data below DL NA NA µg/kg
Carbazole all site data below DL NA NA µg/kg
Phenol NA NA NA µg/kg

Aluminum <0.05 7.75 7.49 mg/kg
Arsenic 0.185 0.0229 0.675 mg/kg
Barium 0.129 0.0612 1.40 mg/kg
Cadmium <0.05 0.0133 0.0179 mg/kg
Chromium <0.05 0.0246 0.218 mg/kg
Cobalt 0.669 -0.00641 0.314 mg/kg
Copper <0.05 0.915 2.30 mg/kg
Lead <0.05 0.0128 0.0128 mg/kg

Magnesium 0.500 1.15x10–5 335 mg/kg
Manganese 0.536 -0.00752 2.44 mg/kg
Mercury <0.05 0.00431 0.00902 mg/kg
Nickel 0.185 0.0700 1.39 mg/kg
Thallium NA NA NA NA
Vanadium <0.05 0.0201 0.0400 mg/kg
Zinc 0.0826 0.658 13.1 mg/kg

Notes
Statistically significant differences are indicated by showing the p-value in bold typeface.

COPC = chemical of potential concern PCB = polychlorinated biphenyl
DL = detection limit REV = reference envelope value
MWW = Mann-Whitney-Wilcoxon rank sum TEQ = toxicity equivalent

NA = not applicable USEPA = U.S. Environmental Protection Agency

Metals

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated 
using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with 
nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like PCBs 
and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half 
the detection limit.

Table 4-32

Comparisons of COPC Concentrations in Common Rangia (Clam) Samples from within USEPA's 
Preliminary Site Perimeter with those of Background

TEQ

Polychlorinated Biphenyls

Semivolatile Organic Compounds

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners 
(Table 2-16), or as the sum of concentrations of detected Aroclors.  When Aroclors are not detected, 
total PCBs is estimates as one half of the highest Aroclor detection limit.
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Analyte
MWW

p -value Location Shift REV Units

TEQ
TEQDF,M (ND=1/2DL) 0.0713 0.200 0.456 ng/kg 
TEQP,M (ND=1/2DL) <0.05 0.387 0.974 ng/kg 
TEQDFP,M (ND=1/2DL) <0.05 0.560 1.35 ng/kg 

Total PCBs <0.05 24.5 17.1 µg/kg
Total PCB Aroclors (ND = 1/2 DL) NA NA NA NA
Total 43 PCB Congeners (ND=1/2DL) <0.05 19,000 12,600 ng/kg 

Semivolatile Organic Compounds
Bis(2-ethylhexyl)phthalate NA NA NA µg/kg 
Carbazole NA NA 4.00 µg/kg 
Phenol <0.05 14.0 98.2 µg/kg 

Metals
Aluminum 0.225 14.3 157 mg/kg 
Arsenic 0.344 0.00212 0.228 mg/kg 
Barium 0.825 -0.353 7.23 mg/kg 
Cadmium 0.0883 0.000437 0.00465 mg/kg 
Chromium 0.328 0.0270 0.545 mg/kg 
Cobalt 0.969 -0.00815 0.0945 mg/kg 
Copper 0.133 0.125 1.92 mg/kg 
Lead <0.05 0.0298 0.0810 mg/kg 
Magnesium 0.893 -17.6 638 mg/kg 
Manganese 0.999 -10.3 43.9 mg/kg 
Mercury 0.175 0.00541 0.0905 mg/kg 
Nickel 0.935 -0.0451 0.658 mg/kg 
Thallium NA NA NA NA
Vanadium 0.535 -0.00219 0.577 mg/kg 
Zinc 0.297 0.559 46.2 mg/kg 

Notes
Statistically significant differences are indicated by showing the p-value in bold typeface.

COPC = chemical of potential concern REV = reference envelope value
NA = not applicable TEQ = toxicity equivalent

MWW = Mann-Whitney-Wilcoxon rank sum USEPA = U.S. Environmental Protection Agency

PCB = polychlorinated biphenyl

TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like 
PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at 
one-half the detection limit.

Table 4-33
Comparisons of COPC Concentrations in Whole Gulf Killifish from within USEPA's Preliminary Site 

Perimeter with those of Background

Polychlorinated Biphenyls

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) 
calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 
2006) with nondetects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian 
toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection 
limit.

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners 
(Table 2-15), or as the sum of concentrations of detected Aroclors.  When Aroclors are not 
detected, total PCBs is estimates as one half of the highest Aroclor detection limit.
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Analyte
MWW

p -value Location Shift REV Units
TEQ

TEQDF,M (ND=1/2DL) <0.05 1.42 0.517 ng/kg 
TEQP,M (ND=1/2DL) <0.05 0.618 0.280 ng/kg 
TEQDFP,M (ND=1/2DL) <0.05 1.92 0.494 ng/kg 

Total PCBs <0.05 19.9 NA µg/kg
Total PCB Aroclors (ND = 1/2 DL) NA NA NA NA
Total 43 PCB Congeners (ND=1/2DL) NA NA NA NA

Semivolatile Organic Compounds
Bis(2-ethylhexyl)phthalate 0.237 117 1,060 µg/kg 
Carbazole NA NA NA  
Phenol NA NA NA  

Metals
Aluminum 0.710 -1.60 146 mg/kg 
Arsenic 0.710 -0.0774 1.35 mg/kg 
Barium 0.0978 12.0 139 mg/kg 
Cadmium <0.05 0.0687 0.0399 mg/kg 
Chromium 0.0695 0.195 1.00 mg/kg 
Cobalt 0.930 -0.0165 0.322 mg/kg 
Copper <0.05 5.48 10.3 mg/kg 
Lead 0.952 -0.0397 0.564 mg/kg 
Magnesium 0.134 149 2,680 mg/kg 
Manganese <0.05 74.0 151 mg/kg 
Mercury <0.05 0.00822 0.0515 mg/kg 
Nickel <0.05 0.0879 0.673 mg/kg 
Thallium NA NA NA  
Vanadium <0.05 0.0699 0.576 mg/kg 
Zinc 0.0978 3.85 52.4 mg/kg 

Notes
Statistically significant differences are indicated by showing the p-value in bold typeface.

COPC = chemical of potential concern REV = reference envelope value
NA = not applicable TEQ = toxicity equivalent
MWW = Mann-Whitney-Wilcoxon rank sum USEPA = U.S. Environmental Protection Agency
PCB = polychlorinated biphenyl

TEQDFP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxins, furans, and dioxin-like 
PCBs and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set 
at one-half the detection limit.

Polychlorinated Biphenyls

Table 4-34
Comparisons of COPC Concentrations in Whole Blue Crab from within USEPA's Preliminary Site 

Perimeter with those of Background

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) 
calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et 
al. 2006) with nondetects set at one-half the detection limit.

TEQP,M (ND=1/2DL) = TCDD toxicity equivalent calculated using dioxin-like PCBs and mammalian 
toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the 
detection limit.

Total PCBs = was calculated as the sum of all 209 congeners, the sum of the 43 selected congeners 
(Table 2-16), or as the sum of concentrations of detected Aroclors.  When Aroclors are not 
detected, total PCBs is estimates as one half of the highest Aroclor detection limit.
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All Data
Minimum Maximum Mean

2,3,7,8-TCDD ng/kg 31 13 42% 0.318 6.58 1.05
1,2,3,7,8-PeCDD ng/kg 31 10 32% 0.159 1.96 0.294
1,2,3,4,7,8-HxCDD ng/kg 31 18 58% 0.0802 2.5 0.585
1,2,3,6,7,8-HxCDD ng/kg 31 24 77% 0.381 16.3 2.97
1,2,3,7,8,9-HxCDD ng/kg 31 25 81% 0.169 8.03 2.03
1,2,3,4,6,7,8-HpCDD ng/kg 31 31 100% 0.829 1,010 117
OCDD ng/kg 31 31 100% 17.1 35,400 3,670
2,3,7,8-TCDF ng/kg 31 22 71% 0.506 26 5.28
1,2,3,7,8-PeCDF ng/kg 31 9 29% 0.114 4.91 0.483
2,3,4,7,8-PeCDF ng/kg 31 14 45% 0.248 7.68 0.828
1,2,3,4,7,8-HxCDF ng/kg 31 28 90% 0.071 29.2 3.07
1,2,3,6,7,8-HxCDF ng/kg 31 16 52% 0.155 11.2 1.11
1,2,3,7,8,9-HxCDF ng/kg 31 3 10% 0.0974 0.868 0.138
2,3,4,6,7,8-HxCDF ng/kg 31 17 55% 0.119 4.42 0.834
1,2,3,4,6,7,8-HpCDF ng/kg 31 29 94% 0.0805 103 16.2
1,2,3,4,7,8,9-HpCDF ng/kg 31 19 61% 0.18 19.8 1.89
OCDF ng/kg 31 30 97% 0.93 700 94.4
TEQDF,M ng/kg 31 31 100% 0.456 27.2 5.7

2,3,7,8-TCDD ng/kg 12 8 67% 0.434 46.5 6.39
1,2,3,7,8-PeCDD ng/kg 12 7 58% 0.153 1.03 0.371
1,2,3,4,7,8-HxCDD ng/kg 12 9 75% 0.103 1.65 0.650
1,2,3,6,7,8-HxCDD ng/kg 12 11 92% 0.118 7.88 2.96
1,2,3,7,8,9-HxCDD ng/kg 12 11 92% 0.221 5.47 2.12
1,2,3,4,6,7,8-HpCDD ng/kg 12 12 100% 5.28 319 103
OCDD ng/kg 12 12 100% 229 6,870 2,290
2,3,7,8-TCDF ng/kg 12 10 83% 0.581 161 23.8
1,2,3,7,8-PeCDF ng/kg 12 8 67% 0.19 5.47 0.983

Table 5-1
Summary Statistics for Dioxin and Furan Concentrations in Surface Soil Samples from the TxDOT Right-of-Way and North of I-10

Analyte Units
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Detected Data

Area 1

Area 2
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All Data
Minimum Maximum Mean

Table 5-1
Summary Statistics for Dioxin and Furan Concentrations in Surface Soil Samples from the TxDOT Right-of-Way and North of I-10

Analyte Units
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Detected Data

 2,3,4,7,8-PeCDF ng/kg 12 8 67% 0.264 3.73 0.875
1,2,3,4,7,8-HxCDF ng/kg 12 10 83% 0.677 6.12 2.37
1,2,3,6,7,8-HxCDF ng/kg 12 8 67% 0.266 1.82 0.884
1,2,3,7,8,9-HxCDF ng/kg 12 0 0% NA NA 0.0595
2,3,4,6,7,8-HxCDF ng/kg 12 10 83% 0.219 2.94 1.08
1,2,3,4,6,7,8-HpCDF ng/kg 12 11 92% 1.87 61.1 16.7
1,2,3,4,7,8,9-HpCDF ng/kg 12 9 75% 0.347 4.29 1.32
OCDF ng/kg 12 11 92% 6.39 347 85.5
TEQDF,M ng/kg 12 12 100% 0.212 66.1 12.4

2,3,7,8-TCDD ng/kg 9 9 100% 0.575 8,650 2,120
1,2,3,7,8-PeCDD ng/kg 9 7 78% 0.369 57.2 17.7
1,2,3,4,7,8-HxCDD ng/kg 9 3 33% 0.163 0.750 0.241
1,2,3,6,7,8-HxCDD ng/kg 9 4 44% 0.910 6.54 1.44
1,2,3,7,8,9-HxCDD ng/kg 9 8 89% 0.151 3.34 0.961
1,2,3,4,6,7,8-HpCDD ng/kg 9 9 100% 3.00 191 49.0
OCDD ng/kg 9 9 100% 118 2,350 799
2,3,7,8-TCDF ng/kg 9 9 100% 2.88 20,600 6,680
1,2,3,7,8-PeCDF ng/kg 9 8 89% 3.6 959 313
2,3,4,7,8-PeCDF ng/kg 9 8 89% 2.48 465 156
1,2,3,4,7,8-HxCDF ng/kg 9 9 100% 0.207 2,110 665
1,2,3,6,7,8-HxCDF ng/kg 9 8 89% 1.70 498 149
1,2,3,7,8,9-HxCDF ng/kg 9 6 67% 0.359 25.5 8.43
2,3,4,6,7,8-HxCDF ng/kg 9 7 78% 1.14 69.7 23.9
1,2,3,4,6,7,8-HpCDF ng/kg 9 8 89% 2.11 668 189

Area 3
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All Data
Minimum Maximum Mean

Table 5-1
Summary Statistics for Dioxin and Furan Concentrations in Surface Soil Samples from the TxDOT Right-of-Way and North of I-10

Analyte Units
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Detected Data

 1,2,3,4,7,8,9-HpCDF ng/kg 9 7 78% 2.83 244 72.9
OCDF ng/kg 9 8 89% 3.74 363 104
TEQDF,M ng/kg 9 9 100% 1.02 11,200 2,950

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.

NA = not applicable, no detected values

TxDOT = Texas Department of Transportation

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated using 
dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at 
one-half the detection limit.

Surface is defined as any sample with an upper depth of 0 feet.
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All Data
Minimum Maximum Mean

2,3,7,8-TCDD ng/kg 39 19 49% 0.268 144 5.18
1,2,3,7,8-PeCDD ng/kg 39 17 44% 0.139 2.58 0.331
1,2,3,4,7,8-HxCDD ng/kg 39 21 54% 0.118 3.11 0.529
1,2,3,6,7,8-HxCDD ng/kg 39 31 79% 0.179 18.2 2.79
1,2,3,7,8,9-HxCDD ng/kg 39 26 67% 0.291 8.34 1.86
1,2,3,4,6,7,8-HpCDD ng/kg 39 39 100% 1.33 1,080 114
OCDD ng/kg 39 39 100% 32.5 30,700 4,500
2,3,7,8-TCDF ng/kg 39 32 82% 0.306 459 18.6
1,2,3,7,8-PeCDF ng/kg 39 17 44% 0.154 10.8 0.862
2,3,4,7,8-PeCDF ng/kg 39 20 51% 0.264 7.44 0.853
1,2,3,4,7,8-HxCDF ng/kg 39 29 74% 0.188 21.5 2.63
1,2,3,6,7,8-HxCDF ng/kg 39 26 67% 0.108 8.25 1.01
1,2,3,7,8,9-HxCDF ng/kg 39 4 10% 0.0711 0.522 0.0981
2,3,4,6,7,8-HxCDF ng/kg 39 23 59% 0.0707 6.69 0.864
1,2,3,4,6,7,8-HpCDF ng/kg 39 36 92% 0.118 129 13.4
1,2,3,4,7,8,9-HpCDF ng/kg 39 21 54% 0.201 12.9 1.33
OCDF ng/kg 39 35 90% 0.229 777 73.2
TEQDF,M ng/kg 39 39 100% 0.357 195 11.3

2,3,7,8-TCDD ng/kg 2 1 50% 0.547 0.547 0.304
1,2,3,7,8-PeCDD ng/kg 2 1 50% 0.152 0.152 0.105
1,2,3,4,7,8-HxCDD ng/kg 2 1 50% 0.198 0.198 0.150
1,2,3,6,7,8-HxCDD ng/kg 2 2 100% 0.185 0.476 0.331
1,2,3,7,8,9-HxCDD ng/kg 2 1 50% 0.387 0.387 0.279
1,2,3,4,6,7,8-HpCDD ng/kg 2 2 100% 6.82 18.6 12.7
OCDD ng/kg 2 2 100% 247 484 366
2,3,7,8-TCDF ng/kg 2 1 50% 1.74 1.74 0.876

Table 5-2
Summary Statistics for Dioxin and Furan Concentrations in Subsurface Soil Samples from the TxDOT Right-of-Way and North of I-10

Analyte Units
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Detected Data

Area 1

Area 2
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Table 5-2
Summary Statistics for Dioxin and Furan Concentrations in Subsurface Soil Samples from the TxDOT Right-of-Way and North of I-10

Analyte Units
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Detected Data

 1,2,3,7,8-PeCDF ng/kg 2 0 0% NA NA 0.0282
2,3,4,7,8-PeCDF ng/kg 2 0 0% NA NA 0.0297
1,2,3,4,7,8-HxCDF ng/kg 2 0 0% NA NA 0.0307
1,2,3,6,7,8-HxCDF ng/kg 2 0 0% NA NA 0.0268
1,2,3,7,8,9-HxCDF ng/kg 2 0 0% NA NA 0.0271
2,3,4,6,7,8-HxCDF ng/kg 2 0 0% NA NA 0.0215
1,2,3,4,6,7,8-HpCDF ng/kg 2 0 0% NA NA 0.104
1,2,3,4,7,8,9-HpCDF ng/kg 2 0 0% NA NA 0.0271
OCDF ng/kg 2 1 50% 2.83 2.83 1.42
TEQDF,M ng/kg 2 2 100% 0.441 1.22 0.831

2,3,7,8-TCDD ng/kg 9 9 100% 3.32 11,300 4,560
1,2,3,7,8-PeCDD ng/kg 9 8 89% 0.781 85.5 39.2
1,2,3,4,7,8-HxCDD ng/kg 9 4 44% 0.657 1.15 0.504
1,2,3,6,7,8-HxCDD ng/kg 9 7 78% 0.333 12.9 3.71
1,2,3,7,8,9-HxCDD ng/kg 9 6 67% 0.321 3.49 1.66
1,2,3,4,6,7,8-HpCDD ng/kg 9 9 100% 5.41 475 111
OCDD ng/kg 9 9 100% 202 4,310 1,400
2,3,7,8-TCDF ng/kg 9 9 100% 15.6 43,000 17,000
1,2,3,7,8-PeCDF ng/kg 9 9 100% 0.544 1,450 642
2,3,4,7,8-PeCDF ng/kg 9 8 89% 5.00 735 349
1,2,3,4,7,8-HxCDF ng/kg 9 8 89% 12.6 3,060 1090
1,2,3,6,7,8-HxCDF ng/kg 9 9 100% 0.256 691 256
1,2,3,7,8,9-HxCDF ng/kg 9 7 78% 0.296 43.2 13.9
2,3,4,6,7,8-HxCDF ng/kg 9 7 78% 2.71 92.7 41.6
1,2,3,4,6,7,8-HpCDF ng/kg 9 9 100% 0.737 782 305

Area 3
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Table 5-2
Summary Statistics for Dioxin and Furan Concentrations in Subsurface Soil Samples from the TxDOT Right-of-Way and North of I-10

Analyte Units
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Detected Data

 1,2,3,4,7,8,9-HpCDF ng/kg 9 8 89% 1.10 296 112
OCDF ng/kg 9 9 100% 1.43 412 184
TEQDF,M ng/kg 9 9 100% 5.21 16,200 6,560

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.

NA = not applicable, no detected values

TxDOT = Texas Department of Transportation
TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated 

Subsurface is defined as any sample with an upper depth greater than 0 feet.
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All Data
Analyte Minimum Maximum Mean

Aroclor 1016 µg/kg 3 0 0% NA NA 9.50
Aroclor 1221 µg/kg 3 0 0% NA NA 9.50
Aroclor 1232 µg/kg 3 0 0% NA NA 9.50
Aroclor 1242 µg/kg 3 0 0% NA NA 9.50
Aroclor 1248 µg/kg 3 0 0% NA NA 9.50
Aroclor 1254 µg/kg 3 0 0% NA NA 9.50
Aroclor 1260 µg/kg 3 0 0% NA NA 9.50
Aroclor 1262 µg/kg 3 0 0% NA NA 9.50
Aroclor 1268 µg/kg 3 0 0% NA NA 9.50
Metals

Mercury mg/kg 21 19 90% 0.003 12.9 1.15

Aroclor 1016 µg/kg 12 0 0% NA NA 9.50
Aroclor 1221 µg/kg 12 0 0% NA NA 9.50
Aroclor 1232 µg/kg 12 0 0% NA NA 9.50
Aroclor 1242 µg/kg 12 0 0% NA NA 9.50
Aroclor 1248 µg/kg 12 0 0% NA NA 9.50
Aroclor 1254 µg/kg 12 1 8% 130 130 19.5
Aroclor 1260 µg/kg 12 3 25% 24.0 44.0 15.5
Aroclor 1262 µg/kg 12 0 0% NA NA 9.50
Aroclor 1268 µg/kg 12 0 0% NA NA 9.50
PCB077 ng/kg 12 11 92% 12.5 133 43.7
PCB081 ng/kg 12 3 25% 1.22 4.06 1.34
PCB105 ng/kg 12 11 92% 64.6 4,330 650
PCB114 ng/kg 12 9 75% 3.61 252 34.0
PCB118 ng/kg 12 11 92% 114 10,500 1,440
PCB123 ng/kg 12 9 75% 3.41 154 24.6
PCB126 ng/kg 12 6 50% 2.26 24.5 7.52
PCB156+157 ng/kg 12 11 92% 64.9 1,840 389
PCB167 ng/kg 12 11 92% 26.7 524 131
PCB169 ng/kg 12 3 25% 5.27 9.52 2.50
PCB189 ng/kg 12 10 83% 13.5 105 40.0

Area 1

Area 2

Table 5-3
Summary Statistics for Mercury, Aroclors, and Dioxin-Like PCB Concentrations in Surface Soil Samples from the TxDOT Right-of-Way and North of I-10

Units
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Detected Data



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 2 May 2013

All Data
Analyte Minimum Maximum Mean

 

Table 5-3
Summary Statistics for Mercury, Aroclors, and Dioxin-Like PCB Concentrations in Surface Soil Samples from the TxDOT Right-of-Way and North of I-10

Units
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Detected Data

Metals
Mercury mg/kg 12 12 100% 0.004 0.081 0.0259

Aroclor 1016 µg/kg 0 0 0% NA NA NA
Aroclor 1221 µg/kg 0 0 0% NA NA NA
Aroclor 1232 µg/kg 0 0 0% NA NA NA
Aroclor 1242 µg/kg 0 0 0% NA NA NA
Aroclor 1248 µg/kg 0 0 0% NA NA NA
Aroclor 1254 µg/kg 0 0 0% NA NA NA
Aroclor 1260 µg/kg 0 0 0% NA NA NA
Aroclor 1262 µg/kg 0 0 0% NA NA NA
Aroclor 1268 µg/kg 0 0 0% NA NA NA
PCB077 ng/kg 0 0 0% NA NA NA
PCB081 ng/kg 0 0 0% NA NA NA
PCB105 ng/kg 0 0 0% NA NA NA
PCB114 ng/kg 0 0 0% NA NA NA
PCB118 ng/kg 0 0 0% NA NA NA
PCB123 ng/kg 0 0 0% NA NA NA
PCB126 ng/kg 0 0 0% NA NA NA
PCB156+157 ng/kg 0 0 0% NA NA NA
PCB167 ng/kg 0 0 0% NA NA NA
PCB169 ng/kg 0 0 0% NA NA NA
PCB189 ng/kg 0 0 0% NA NA NA
Metals

Mercury mg/kg 9 9 100% 0.01 1.89 0.587

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.

NA = not applicable, no detected values
PCB = polychlorianted biphenyl
TxDOT = Texas Department of Transportation

Area 3

Surface is defined as any sample with an upper depth of 0 feet.
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All Data
Minimum Maximum Mean

Aroclor 1016 µg/kg 3 0 0% NA NA 9.50
Aroclor 1221 µg/kg 3 0 0% NA NA 9.50
Aroclor 1232 µg/kg 3 0 0% NA NA 9.50
Aroclor 1242 µg/kg 3 0 0% NA NA 9.50
Aroclor 1248 µg/kg 3 0 0% NA NA 9.50
Aroclor 1254 µg/kg 3 0 0% NA NA 9.50
Aroclor 1260 µg/kg 3 0 0% NA NA 9.50
Aroclor 1262 µg/kg 3 0 0% NA NA 9.50
Aroclor 1268 µg/kg 3 0 0% NA NA 9.50
Metals

Mercury mg/kg 29 27 93% 0.002 9.28 0.574

Aroclor 1016 µg/kg 2 0 0% NA NA 9.50
Aroclor 1221 µg/kg 2 0 0% NA NA 9.50
Aroclor 1232 µg/kg 2 0 0% NA NA 9.50
Aroclor 1242 µg/kg 2 0 0% NA NA 9.50
Aroclor 1248 µg/kg 2 0 0% NA NA 9.50
Aroclor 1254 µg/kg 2 1 50% 46 46 27.8
Aroclor 1260 µg/kg 2 0 0% NA NA 9.50
Aroclor 1262 µg/kg 2 0 0% NA NA 9.50
Aroclor 1268 µg/kg 2 0 0% NA NA 9.50
PCB077 ng/kg 2 0 0% NA NA 1.19
PCB081 ng/kg 2 0 0% NA NA 0.598
PCB105 ng/kg 2 1 50% 16.2 16.2 8.94
PCB114 ng/kg 2 0 0% NA NA 0.535
PCB118 ng/kg 2 1 50% 43.1 43.1 24.1
PCB123 ng/kg 2 0 0% NA NA 0.529
PCB126 ng/kg 2 0 0% NA NA 0.512
PCB156+157 ng/kg 2 1 50% 9.12 9.12 5.05
PCB167 ng/kg 2 0 0% NA NA 0.902
PCB169 ng/kg 2 0 0% NA NA 0.391
PCB189 ng/kg 2 0 0% NA NA 0.373
TEQP ng/kg 2 1 50% 0.0751 0.0751 0.0645

Table 5-4
Summary Statistics for Mercury, Aroclors and Dioxin-Like PCB Concentrations in Subsurface Soil Samples  from the TxDOT Right-of-Way and North of I-10

Analyte Units
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Detected Data

Area 1

Area 2
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Table 5-4
Summary Statistics for Mercury, Aroclors and Dioxin-Like PCB Concentrations in Subsurface Soil Samples  from the TxDOT Right-of-Way and North of I-10

Analyte Units
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Detected Data

 Metals
Mercury mg/kg 2 2 100% 0.008 0.017 0.0125

Aroclor 1016 µg/kg 0 0 0% NA NA NA
Aroclor 1221 µg/kg 0 0 0% NA NA NA
Aroclor 1232 µg/kg 0 0 0% NA NA NA
Aroclor 1242 µg/kg 0 0 0% NA NA NA
Aroclor 1248 µg/kg 0 0 0% NA NA NA
Aroclor 1254 µg/kg 0 0 0% NA NA NA
Aroclor 1260 µg/kg 0 0 0% NA NA NA
Aroclor 1262 µg/kg 0 0 0% NA NA NA
Aroclor 1268 µg/kg 0 0 0% NA NA NA
PCB077 ng/kg 0 0 0% NA NA NA
PCB081 ng/kg 0 0 0% NA NA NA
PCB105 ng/kg 0 0 0% NA NA NA
PCB114 ng/kg 0 0 0% NA NA NA
PCB118 ng/kg 0 0 0% NA NA NA
PCB123 ng/kg 0 0 0% NA NA NA
PCB126 ng/kg 0 0 0% NA NA NA
PCB156+157 ng/kg 0 0 0% NA NA NA
PCB167 ng/kg 0 0 0% NA NA NA
PCB169 ng/kg 0 0 0% NA NA NA
PCB189 ng/kg 0 0 0% NA NA NA
Metals

Mercury mg/kg 9 9 100% 0.01 2.34 1.19

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.

NA = not applicable, no detected values
PCB = polychlorianted biphenyl
TxDOT = Texas Department of Transportation

TEQP,M = Toxicity equivalent for dioxin-like PCBs calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006)

Area 3

Subsurface is defined as any sample with an upper depth greater than 0 feet.
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Well Date Time DTW (TOC)

Incremental 
Vol. Removed 

(gal)
Cum. Vol. 

Removed (gal) pH
Temperature 

(°C) 
Spec. Cond. 

(mS/cm2) ORP DO NTU
SJMWS01 1/11/11 11:00 2.78 0.00 0.00 — — — — — — — — —

SJMWS01 1/11/11 11:05 2.76 0.00 0.00 — — — — — — — — —
SJMWS01 1/11/11 11:10 3.13 5.00 5.00 — — — — — — — — —
SJMWS01 1/11/11 11:12 2.94 0.00 5.00 — — — — — — — — —
SJMWS01 1/11/11 11:19 3.11 7.00 12.00 7.42 20.37 9.85 — — — 5415 8861 7138
SJMWS01 1/11/11 11:22 3.14 3.00 15.00 7.41 20.46 9.90 — — — 5446 8911 7178
SJMWS01 1/11/11 11:25 3.16 3.00 18.00 7.37 20.66 10.29 — — — 5660 9261 7460
SJMWS01 1/11/11 11:28 3.15 3.00 21.00 7.34 20.67 10.47 — — — 5759 9423 7591
SJMWS01 1/11/11 11:31 3.17 3.00 24.00 7.33 20.66 10.49 — — — 5770 9441 7605
SJMWS01 1/11/11 11:40 2.86 3.00 27.00 — — — — — — — — —
SJMWS01 1/11/11 11:43 3.05 3.00 30.00 7.19 20.60 12.71 — — — 6991 11439 9215
SJMWS01 1/11/11 11:46 3.15 3.00 33.00 7.12 20.73 13.25 — — 479.00 7288 11925 9606
SJMWS01 1/11/11 11:50 2.93 0.00 33.00 — — — — — — — — —
SJMWS01 1/11/11 11:53 3.12 3.00 36.00 7.06 20.65 13.58 — — 208.00 7469 12222 9846
SJMWS01 1/11/11 11:56 3.13 3.00 39.00 7.03 20.74 13.76 — — 128.00 7568 12384 9976
SJMWS01 1/11/11 12:05 2.90 0.00 39.00 — — — — — — — — —
SJMWS01 1/11/11 12:08 3.15 3.00 42.00 6.98 20.54 14.05 — — 71.20 7728 12645 10186
SJMWS01 1/11/11 12:11 3.12 3.00 45.00 6.96 20.28 14.08 — — 7.09 7744 12672 10208
SJMWS01 1/11/11 12:14 3.11 3.00 48.00 6.95 20.38 14.15 — — 4.71 7783 12735 10259
SJMWS01 1/11/11 12:17 3.13 3.00 51.00 6.95 20.42 14.19 — — 4.03 7805 12771 10288
SJMWS01 1/11/11 12:20 3.14 3.00 54.00 6.94 20.53 14.25 — — 2.87 7838 12825 10331
SJMWS01 1/11/11 12:23 3.13 3.00 57.00 6.94 20.64 14.30 — — 2.32 7865 12870 10368
SJMWS01 1/11/11 12:26 3.12 3.00 60.00 6.93 20.69 14.35 — — 1.92 7893 12915 10404
SJMWS01 1/11/11 12:29 3.11 3.00 63.00 6.93 20.72 14.36 — — 1.51 7898 12924 10411
SJMWS01 1/11/11 12:32 3.12 3.00 66.00 6.93 20.75 14.38 — — 1.24 7909 12942 10426
SJMWS01 1/11/11 12:35 3.11 3.00 69.00 6.92 20.81 14.42 — — 1.38 7931 12978 10455
SJMWS01 1/11/11 12:36 3.13 1.00 70.00 6.92 20.82 14.43 — — 1.26 7937 12987 10462
SJMWS01 1/11/11 12:37 3.11 1.00 71.00 6.92 20.83 14.43 — — 1.32 7937 12987 10462
SJMWS01 1/11/11 12:38 3.11 1.00 72.00 6.92 20.82 14.44 — — 1.27 7942 12996 10469
SJMWS01 1/11/11 12:39 3.12 1.00 73.00 6.92 20.79 14.46 — — 1.29 7953 13014 10484
SJMWS01 1/11/11 12:40 3.13 1.00 74.00 6.92 20.78 14.46 — — 1.22 7953 13014 10484
SJMWS01 1/11/11 12:40 — 0.00 74.00 — — — — — — — — —
SJMWS01 1/12/11 8:30 3.29 0.00 74.00 6.10 19.73 14.43 -22.30 3.00 — 7937 12987 10462
SJMWS01 1/12/11 8:33 3.29 0.08 74.08 6.29 19.68 14.66 -53.30 2.60 0.79 8063 13194 10629
SJMWS01 1/12/11 8:36 3.29 0.08 74.16 6.50 19.83 15.22 -79.00 2.08 0.68 8371 13698 11035
SJMWS01 1/12/11 8:39 3.30 0.08 74.24 6.61 19.94 15.14 -90.90 1.99 0.62 8327 13626 10977
SJMWS01 1/12/11 8:42 3.30 0.08 74.32 6.63 20.00 15.41 -94.70 2.08 0.63 8476 13869 11172
SJMWS01 1/12/11 8:45 3.30 0.08 74.40 6.65 19.99 15.41 -97.90 2.02 0.48 8476 13869 11172
SJMWS01 1/12/11 8:48 3.30 0.08 74.48 6.66 20.04 15.47 -99.20 1.99 0.53 8509 13923 11216
SJMWS01 1/12/11 8:51 3.30 2.72 77.20 6.67 20.00 15.45 -100.60 2.05 0.62 8498 13905 11201

Estimated TDS range (low, high and average factor, 
calculated from Specific Conductance) a

Table 5-5
Well Development and Sampling Data,

Groundwater Quality Parameters
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Well Date Time DTW (TOC)

Incremental 
Vol. Removed 

(gal)
Cum. Vol. 

Removed (gal) pH
Temperature 

(°C) 
Spec. Cond. 

(mS/cm2) ORP DO NTU
Estimated TDS range (low, high and average factor, 

calculated from Specific Conductance) a

Table 5-5
Well Development and Sampling Data,

Groundwater Quality Parameters

SJMWS02 1/4/11 15:00 9.70 0.00 0.00 — — — — — — — — —
SJMWS02 1/4/11 15:20 9.70 0.00 0.00 — — — — — — — — —
SJMWS02 1/4/11 15:35 9.80 5.00 5.00 — — — — — — — — —
SJMWS02 1/4/11 15:45 9.88 5.00 10.00 6.96 20.82 8.68 — — — 4775 7813 6294
SJMWS02 1/4/11 16:00 9.95 5.00 15.00 7.02 20.91 8.78 — — — 4830 7904 6367
SJMWS02 1/4/11 16:10 10.01 5.00 20.00 7.06 20.88 8.70 — — — 4783 7826 6305
SJMWS02 1/4/11 16:10 — 0.00 20.00 — — — — — — — — —
SJMWS02 1/5/11 8:40 — 0.00 20.00 — — — — — — — — —
SJMWS02 1/5/11 8:50 8.82 0.00 20.00 — — — — — — — — —
SJMWS02 1/5/11 9:05 8.97 5.00 25.00 6.65 20.73 11.08 — — — 6094 9972 8033
SJMWS02 1/5/11 9:05 8.97 0.00 25.00 — — — — — — — — —
SJMWS02 1/5/11 9:20 9.03 5.00 30.00 6.68 20.51 11.84 — — 495.00 6512 10656 8584
SJMWS02 1/5/11 9:30 8.95 0.00 30.00 — — — — — — — — —
SJMWS02 1/5/11 9:40 9.32 5.00 35.00 6.72 20.83 12.35 — — 52.50 6793 11115 8954
SJMWS02 1/5/11 9:50 9.32 5.00 40.00 6.66 20.85 12.56 — — 23.70 6908 11304 9106
SJMWS02 1/5/11 10:00 9.37 5.00 45.00 6.66 21.12 12.51 — — 14.60 6881 11259 9070
SJMWS02 1/5/11 10:10 9.39 5.00 50.00 6.75 19.66 12.63 — — 5.61 6947 11367 9157
SJMWS02 1/5/11 10:20 — 0.00 50.00 — — — — — — — — —
SJMWS02 1/15/11 12:30 9.52 0.00 50.00 — — — — — — — — —
SJMWS02 1/15/11 12:33 9.55 0.32 50.32 6.60 21.83 14.17 -81.00 — 40.10 7794 12753 10273
SJMWS02 1/15/11 12:36 9.56 0.31 50.63 6.59 21.82 14.16 -80.60 — 37.70 7788 12744 10266
SJMWS02 1/15/11 12:39 9.58 0.32 50.95 6.63 21.58 14.03 -80.90 2.57 19.70 7717 12627 10172
SJMWS02 1/15/11 12:42 9.58 0.32 51.27 6.59 21.59 13.95 -83.30 2.44 18.80 7673 12555 10114
SJMWS02 1/15/11 12:45 9.58 0.32 51.59 6.57 21.59 13.90 -84.50 2.32 19.20 7645 12510 10078
SJMWS02 1/15/11 12:48 9.58 0.31 51.90 6.56 21.58 13.87 -85.30 2.18 18.80 7629 12483 10056
SJMWS02 1/15/11 12:51 9.58 0.32 52.22 6.55 21.59 13.86 -85.70 2.12 15.90 7623 12474 10049
SJMWS02 1/15/11 12:54 9.58 0.32 52.54 6.55 21.58 13.83 -86.70 1.96 15.10 7607 12447 10027
SJMWS02 1/15/11 12:57 9.59 0.31 52.85 6.55 21.58 13.81 -87.30 1.89 14.70 7596 12429 10012
SJMWS02 1/15/11 13:00 9.62 0.32 53.17 6.55 21.60 13.82 -88.60 1.70 13.90 7601 12438 10020
SJMWS02 1/15/11 13:03 9.60 0.32 53.49 6.55 21.62 13.79 -89.00 1.62 8.67 7585 12411 9998
SJMWS02 1/15/11 13:04 9.62 0.10 53.59 6.55 21.62 13.78 -89.60 1.56 8.65 7579 12402 9991
SJMWS02 1/15/11 13:05 9.62 0.11 53.70 6.55 21.62 13.78 -89.70 1.49 8.48 7579 12402 9991
SJMWS02 1/15/11 13:06 9.63 0.10 53.80 6.55 21.61 13.77 -89.90 1.51 7.84 7574 12393 9983
SJMWS02 1/15/11 13:14 9.61 0.85 54.65 6.55 21.59 13.73 -90.90 1.23 6.98 7552 12357 9954
SJMWS02 1/15/11 13:16 9.65 0.21 54.86 6.55 21.60 13.73 -91.10 1.22 6.79 7552 12357 9954
SJMWS02 1/15/11 13:18 9.67 0.21 55.07 6.55 21.59 13.73 -91.20 1.21 6.67 7552 12357 9954

SJMWS03 1/7/11 11:30 3.63 0.00 0.00 — — — — — — — — —
SJMWS03 1/7/11 11:50 3.63 0.00 0.00 — — — — — — — — —
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Well Date Time DTW (TOC)

Incremental 
Vol. Removed 

(gal)
Cum. Vol. 

Removed (gal) pH
Temperature 

(°C) 
Spec. Cond. 

(mS/cm2) ORP DO NTU
Estimated TDS range (low, high and average factor, 

calculated from Specific Conductance) a

Table 5-5
Well Development and Sampling Data,

Groundwater Quality Parameters

SJMWS03 1/7/11 12:01 13.21 3.00 3.00 6.77 21.61 2.68 — — — 1475 2413 1944
SJMWS03 1/7/11 12:17 11.75 3.00 6.00 6.69 21.65 2.78 — — — 1528 2501 2015
SJMWS03 1/7/11 12:28 11.77 1.50 7.50 6.32 21.62 9.55 — — — 5254 8598 6926
SJMWS03 1/7/11 12:34 12.65 1.50 9.00 6.33 22.48 11.87 — — — 6529 10683 8606
SJMWS03 1/7/11 12:42 14.50 1.50 10.50 6.41 21.91 12.50 — — — 6875 11250 9063
SJMWS03 1/7/11 12:50 13.79 1.50 12.00 6.39 22.01 13.69 — — — 7530 12321 9925
SJMWS03 1/7/11 12:54 11.73 0.00 12.00 — — — — — — — — —
SJMWS03 1/7/11 13:07 14.69 3.00 15.00 6.77 22.40 14.12 — — 859.00 7766 12708 10237
SJMWS03 1/7/11 13:27 13.49 3.00 18.00 6.61 21.79 14.42 — — 264.00 7931 12978 10455
SJMWS03 1/7/11 13:47 14.47 3.00 21.00 6.31 21.83 14.57 — — 89.20 8014 13113 10563
SJMWS03 1/7/11 14:07 15.14 3.00 24.00 6.32 21.69 14.60 — — 39.60 8030 13140 10585
SJMWS03 1/7/11 14:27 15.10 3.00 27.00 6.37 21.39 14.64 — — 37.90 8052 13176 10614
SJMWS03 1/7/11 14:45 14.77 3.00 30.00 6.43 21.46 14.70 — — 30.60 8085 13230 10658
SJMWS03 1/7/11 14:53 9.35 0.24 30.24 6.24 21.84 14.50 -48.30 4.31 107.80 7975 13050 10513
SJMWS03 1/7/11 14:56 9.64 0.24 30.48 6.20 21.82 14.75 -42.30 4.45 22.10 8113 13275 10694
SJMWS03 1/7/11 14:59 9.66 0.23 30.71 6.19 21.70 14.80 -39.70 4.66 15.10 8140 13320 10730
SJMWS03 1/7/11 15:02 9.66 0.24 30.95 6.18 21.68 14.80 -40.30 4.42 12.30 8140 13320 10730
SJMWS03 1/7/11 15:05 9.68 0.24 31.19 6.18 21.66 14.80 -40.80 4.50 13.40 8140 13320 10730
SJMWS03 1/7/11 15:08 9.67 0.24 31.43 6.18 21.65 14.79 -41.20 4.49 13.30 8135 13311 10723
SJMWS03 1/7/11 15:11 9.68 0.23 31.66 6.18 21.59 14.80 -42.00 4.55 9.18 8140 13320 10730
SJMWS03 1/7/11 15:14 9.66 0.23 31.89 6.18 21.54 14.80 -42.70 4.61 7.86 8140 13320 10730
SJMWS03 1/7/11 15:17 9.65 0.24 32.13 6.17 21.60 14.81 -42.70 4.60 8.70 8146 13329 10737
SJMWS03 1/7/11 15:20 9.61 0.20 32.33 6.18 21.59 14.79 -43.10 4.54 7.01 8135 13311 10723
SJMWS03 1/7/11 15:23 9.59 0.28 32.61 6.17 21.59 14.79 -43.30 4.62 7.62 8135 13311 10723
SJMWS03 1/7/11 15:26 9.58 0.07 32.68 6.17 21.57 14.80 -43.20 4.52 7.08 8140 13320 10730

SJMWS04 1/2/11 9:15 3.16 0.00 0.00 — — — — — — — — —
SJMWS04 1/2/11 9:22 5.45 0.13 0.13 — — — — — — — — —
SJMWS04 1/2/11 9:30 5.45 0.07 0.20 — — — — — — — — —
SJMWS04 1/2/11 9:36 3.91 0.00 0.20 — — — — — — — — —
SJMWS04 1/2/11 9:37 5.45 0.06 0.26 — — — — — — — — —
SJMWS04 1/2/11 9:55 3.18 0.00 0.26 — — — — — — — — —
SJMWS04 1/2/11 9:57 3.18 0.00 0.26 — — — — — — — — —
SJMWS04 1/2/11 9:59 5.45 0.07 0.33 — — — — — — — — —
SJMWS04 1/2/11 10:30 3.16 0.00 0.33 — — — — — — — — —
SJMWS04 1/2/11 10:32 5.45 0.07 0.40 — — — — — — — — —
SJMWS04 1/2/11 10:50 3.19 0.00 0.40 — — — — — — — — —
SJMWS04 1/2/11 10:53 5.45 0.06 0.46 — — — — — — — — —
SJMWS04 1/2/11 11:12 3.17 0.00 0.46 — — — — — — — — —
SJMWS04 1/2/11 11:15 5.45 0.07 0.53 6.85 15.05 15.78 -251.70 — — 8679 14202 11441
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Well Date Time DTW (TOC)

Incremental 
Vol. Removed 

(gal)
Cum. Vol. 

Removed (gal) pH
Temperature 

(°C) 
Spec. Cond. 

(mS/cm2) ORP DO NTU
Estimated TDS range (low, high and average factor, 

calculated from Specific Conductance) a

Table 5-5
Well Development and Sampling Data,

Groundwater Quality Parameters

SJMWS04 1/2/11 11:37 3.16 0.00 0.53 — — — — — — — — —
SJMWS04 1/2/11 11:39 5.45 0.06 0.59 — — — — — — — — —
SJMWS04 1/2/11 11:57 3.18 0.00 0.59 — — — — — — — — —
SJMWS04 1/2/11 12:00 5.45 0.07 0.66 — — — — — — — — —
SJMWS04 1/2/11 12:20 3.17 0.00 0.66 — — — — — — — — —
SJMWS04 1/2/11 12:23 5.75 0.13 0.79 7.03 14.01 15.70 -336.30 -0.97 26.80 8635 14130 11383
SJMWS04 1/2/11 12:30 — 0.00 0.79 — — — — — — — — —
SJMWS04 1/2/11 12:55 3.16 0.00 0.79 — — — — — — — — —
SJMWS04 1/2/11 13:00 5.45 0.08 0.87 7.06 15.30 15.60 -286.60 3.73 18.20 8580 14040 11310
SJMWS04 1/2/11 14:10 — 0.26 1.13 — — — — — — — — —
SJMWS04 1/2/11 15:00 — 0.26 1.39 — — — — — — — — —
SJMWS04 1/2/11 15:45 — 0.26 1.65 — — — — — — — — —
SJMWS04 1/2/11 16:30 — 0.26 1.91 — — — — — — — — —
SJMWS04 1/3/11 13:45 — 0.13 2.04 — — — — — — — — —
SJMWS04 1/3/11 14:30 — 0.13 2.17 — — — — — — — — —
SJMWS04 1/3/11 15:00 — 0.00 2.17 6.87 16.73 15.91 -232.80 4.06 — 8751 14319 11535

SJMWD01 1/11/11 8:30 8.44 0.00 0.00 — — — — — — — — —
SJMWD01 1/11/11 9:00 56.11 20.00 20.00 5.32 18.39 16.80 — — — 9240 15120 12180
SJMWD01 1/11/11 9:10 8.80 5.00 25.00 6.28 18.64 16.99 — — — 9345 15291 12318
SJMWD01 1/11/11 9:20 9.50 10.00 35.00 6.57 19.62 16.60 — — — 9130 14940 12035
SJMWD01 1/11/11 9:25 10.76 5.00 40.00 6.70 19.40 15.33 — — — 8432 13797 11114
SJMWD01 1/11/11 9:35 11.27 10.00 50.00 — 18.66 — — — — — — —
SJMWD01 1/11/11 9:45 8.56 0.00 50.00 — — — — — — — — —
SJMWD01 1/11/11 9:55 11.19 10.00 60.00 6.84 20.04 17.06 — — 38.80 9383 15354 12369
SJMWD01 1/11/11 10:05 11.29 10.00 70.00 6.89 20.45 16.95 — — 14.20 9323 15255 12289
SJMWD01 1/11/11 10:15 11.36 10.00 80.00 6.97 20.80 16.36 — — — 8998 14724 11861
SJMWD01 1/11/11 10:25 10.13 10.00 90.00 7.06 20.69 15.22 — — 7.38 8371 13698 11035
SJMWD01 1/11/11 10:30 8.05 5.00 95.00 7.05 20.71 15.02 — — 4.31 8261 13518 10890
SJMWD01 1/11/11 10:35 10.03 5.00 100.00 7.06 20.65 14.88 — — 3.25 8184 13392 10788
SJMWD01 1/12/11 9:20 9.13 0.00 100.00 6.96 20.71 13.71 -127.30 1.62 — 7541 12339 9940
SJMWD01 1/12/11 9:23 9.15 0.08 100.08 6.97 20.82 13.65 -132.50 1.64 0.33 7508 12285 9896
SJMWD01 1/12/11 9:26 9.15 0.08 100.16 7.00 20.75 13.57 -140.50 1.65 1.36 7464 12213 9838
SJMWD01 1/12/11 9:29 9.16 0.08 100.24 6.83 20.73 16.99 -141.60 1.57 1.57 9345 15291 12318
SJMWD01 1/12/11 9:32 9.16 0.08 100.32 6.82 20.80 17.03 -106.50 2.05 1.52 9367 15327 12347
SJMWD01 1/12/11 9:35 9.16 0.08 100.40 6.80 20.76 17.18 -101.80 2.12 0.17 9449 15462 12456
SJMWD01 1/12/11 9:38 9.16 0.08 100.48 6.80 20.76 17.21 -99.40 2.05 0.16 9466 15489 12477
SJMWD01 1/12/11 9:41 9.16 0.07 100.55 6.79 20.75 17.25 -97.80 2.02 0.60 9488 15525 12506
SJMWD01 1/12/11 9:44 9.16 0.08 100.63 6.79 20.82 17.29 -94.70 2.14 0.23 9510 15561 12535
SJMWD01 1/12/11 9:47 9.16 0.08 100.71 6.78 20.81 17.30 -92.30 2.18 0.08 9515 15570 12543
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Well Date Time DTW (TOC)

Incremental 
Vol. Removed 

(gal)
Cum. Vol. 

Removed (gal) pH
Temperature 

(°C) 
Spec. Cond. 

(mS/cm2) ORP DO NTU
Estimated TDS range (low, high and average factor, 

calculated from Specific Conductance) a

Table 5-5
Well Development and Sampling Data,

Groundwater Quality Parameters

SJMWD01 1/12/11 9:50 9.16 0.08 100.79 6.78 20.78 17.30 -91.60 2.22 0.10 9515 15570 12543
SJMWD01 1/12/11 9:53 9.16 0.08 100.87 6.78 20.82 17.31 -90.90 2.22 0.12 9521 15579 12550

SJMWD02 1/4/11 12:15 15.40 0.00 0.00 — — — — — — — — —
SJMWD02 1/4/11 12:15 15.40 0.00 0.00 — — — — — — — — —
SJMWD02 1/4/11 12:50 50.00 20.00 20.00 6.96 21.46 4.27 — — — 2351 3847 3099
SJMWD02 1/4/11 13:15 66.20 0.00 20.00 7.02 21.46 4.30 — — — 2363 3867 3115
SJMWD02 1/4/11 13:15 — 0.00 20.00 — — — — — — — — —
SJMWD02 1/4/11 13:30 68.40 5.00 25.00 — — — — — — — — —
SJMWD02 1/4/11 13:30 — 0.00 25.00 — — — — — — — — —
SJMWD02 1/4/11 13:40 — 0.00 25.00 — — — — — — — — —
SJMWD02 1/4/11 13:50 66.00 5.00 30.00 6.96 20.83 7.08 — — 4451.00 3896 6375 5135
SJMWD02 1/4/11 13:55 42.00 0.00 30.00 — — — — — — — — —
SJMWD02 1/4/11 14:05 69.00 5.00 35.00 7.19 20.97 7.51 — — 14468.00 4128 6755 5442
SJMWD02 1/4/11 14:20 45.00 0.00 35.00 — — — — — — — — —
SJMWD02 1/4/11 14:30 54.40 5.00 40.00 7.18 21.06 8.27 — — 2904.00 4546 7439 5992
SJMWD02 1/4/11 14:40 61.05 5.00 45.00 7.31 20.57 8.13 — — — 4474 7321 5897
SJMWD02 1/4/11 14:45 — 0.00 45.00 — — — — — — — — —
SJMWD02 1/4/11 14:45 53.80 0.00 45.00 — — — — — — — — —
SJMWD02 1/4/11 15:10 70.10 10.00 55.00 7.23 21.41 8.88 — — 450.00 4885 7993 6439
SJMWD02 1/4/11 15:20 — 0.00 55.00 — — — — — — — — —
SJMWD02 1/4/11 15:50 40.72 0.00 55.00 — — — — — — — — —
SJMWD02 1/5/11 8:15 16.98 0.00 55.00 — — — — — — — — —
SJMWD02 1/5/11 8:30 16.97 0.00 55.00 — — — — — — — — —
SJMWD02 1/5/11 9:10 23.02 5.00 60.00 7.07 20.40 9.36 — — 4.65 5148 8424 6786
SJMWD02 1/5/11 9:40 23.19 5.00 65.00 7.12 19.64 9.41 — — 3.14 5173 8465 6819
SJMWD02 1/5/11 10:10 23.30 5.00 70.00 7.32 19.55 9.40 — — 2.83 5172 8464 6818
SJMWD02 1/5/11 10:30 23.30 2.50 72.50 7.22 19.87 9.45 — — 1.66 5200 8509 6854
SJMWD02 1/5/11 11:30 23.90 7.50 80.00 7.09 21.77 9.45 — — 4.15 5199 8507 6853
SJMWD02 1/5/11 12:00 26.45 12.50 92.50 7.16 20.92 9.57 — — 3.62 5262 8610 6936
SJMWD02 1/5/11 12:15 26.45 0.00 92.50 — — — — — — — — —
SJMWD02 1/5/11 14:15 17.51 0.00 92.50 — — — — — — — — —
SJMWD02 1/5/11 14:20 18.40 0.13 92.63 7.10 21.88 9.72 -68.20 2.05 — 5345 8746 7046
SJMWD02 1/5/11 14:25 19.07 0.13 92.76 7.06 21.69 9.51 -55.30 1.77 2.91 5229 8557 6893
SJMWD02 1/5/11 14:30 19.45 0.14 92.90 7.04 21.30 9.45 -49.20 1.73 3.10 5195 8501 6848
SJMWD02 1/5/11 14:35 19.90 0.13 93.03 7.04 21.58 9.47 -54.50 1.63 3.17 5210 8525 6867
SJMWD02 1/5/11 14:50 20.90 0.39 93.42 7.04 21.52 9.56 -66.20 1.57 3.19 5256 8600 6928
SJMWD02 1/5/11 14:53 20.92 0.08 93.50 7.04 21.63 9.62 -68.90 1.57 3.20 5288 8654 6971
SJMWD02 1/5/11 14:56 20.90 0.08 93.58 7.05 21.58 9.67 -70.10 1.53 2.92 5319 8704 7011
SJMWD02 1/5/11 14:59 20.86 0.08 93.66 7.06 21.23 9.69 -75.00 1.50 3.00 5331 8724 7027
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Well Date Time DTW (TOC)

Incremental 
Vol. Removed 

(gal)
Cum. Vol. 

Removed (gal) pH
Temperature 

(°C) 
Spec. Cond. 

(mS/cm2) ORP DO NTU
Estimated TDS range (low, high and average factor, 

calculated from Specific Conductance) a

Table 5-5
Well Development and Sampling Data,

Groundwater Quality Parameters

SJMWD02 1/5/11 15:02 20.87 0.08 93.74 7.06 21.24 9.70 -75.40 1.48 3.48 5334 8729 7032
SJMWD02 1/5/11 15:05 20.88 0.08 93.82 7.07 21.22 9.75 -75.90 1.47 3.53 5362 8774 7068
SJMWD02 1/5/11 15:08 20.89 0.08 93.90 7.07 21.23 9.75 -76.10 1.44 3.41 5361 8772 7067

SJMWD03 1/7/11 9:30 4.02 0.00 0.00 — — — — — — — — —
SJMWD03 1/7/11 9:40 4.02 0.00 0.00 — — — — — — — — —
SJMWD03 1/7/11 9:50 35.64 10.00 10.00 8.10 19.99 0.50 — — — 273 447 360
SJMWD03 1/7/11 10:00 59.73 10.00 20.00 — — — — — — — — —
SJMWD03 1/7/11 10:10 61.70 10.00 30.00 8.01 20.10 0.58 — — — 316 518 417
SJMWD03 1/7/11 10:22 58.20 0.00 30.00 — — — — — — — — —
SJMWD03 1/7/11 10:35 50.49 0.00 30.00 — — — — — — — — —
SJMWD03 1/7/11 10:45 46.49 0.00 30.00 — — — — — — — — —
SJMWD03 1/7/11 10:50 45.10 0.00 30.00 — — — — — — — — —
SJMWD03 1/7/11 10:55 44.02 0.00 30.00 — — — — — — — — —
SJMWD03 1/7/11 11:00 — 3.00 33.00 8.02 19.43 0.61 — — — 337 552 444
SJMWD03 1/7/11 11:05 — 0.00 33.00 — — — — — — — — —
SJMWD03 1/7/11 16:00 53.34 0.00 33.00 — — — — — — — — —
SJMWD03 1/10/11 11:14 26.16 0.13 33.13 6.85 18.23 3.11 174.20 2.98 181.00 1711 2800 2255
SJMWD03 1/10/11 11:24 26.80 0.05 33.18 6.97 18.33 3.12 166.20 2.80 99.50 1715 2807 2261
SJMWD03 1/10/11 11:34 27.54 0.06 33.24 7.10 18.51 3.14 153.80 2.53 27.50 1726 2824 2275
SJMWD03 1/10/11 11:44 27.60 0.05 33.29 7.24 18.38 3.16 137.60 2.44 16.10 1735 2840 2287
SJMWD03 1/10/11 11:54 27.77 0.05 33.34 7.28 18.50 3.16 132.30 2.39 11.70 1737 2842 2290
SJMWD03 1/10/11 12:04 28.63 0.06 33.40 7.36 18.46 3.16 117.90 2.27 7.26 1740 2847 2293
SJMWD03 1/10/11 12:14 29.30 0.05 33.45 7.40 18.65 3.16 106.60 2.25 6.65 1737 2842 2290
SJMWD03 1/10/11 12:24 29.56 0.05 33.50 7.42 18.66 3.16 103.90 2.25 6.05 1740 2848 2294
SJMWD03 1/10/11 12:34 29.90 0.05 33.55 7.42 18.64 3.16 99.10 2.27 5.12 1737 2843 2290
SJMWD03 1/10/11 12:44 30.24 0.06 33.61 7.43 18.60 3.16 94.80 2.24 4.80 1737 2843 2290
SJMWD03 1/10/11 12:54 30.55 0.05 33.66 7.44 18.59 3.16 91.00 2.27 4.42 1737 2843 2290
SJMWD03 1/10/11 12:59 30.80 0.03 33.69 7.44 18.60 3.15 88.90 2.33 4.66 1731 2832 2282
SJMWD03 1/10/11 13:04 30.80 0.02 33.71 7.45 18.62 3.15 88.10 2.36 4.58 1733 2836 2284
SJMWD03 1/10/11 13:09 30.79 0.03 33.74 7.45 18.66 3.15 86.60 2.35 4.64 1733 2835 2284

Notes
DO = dissolved oxygen NTU = nephelometric turbidity units
DTW = depth to water ORP = oxidation/reduction potential
gal = gallon TDS =  total dissolved solids
mS/cm2 = millisiemens per square centimeter TOC = top of casing

a - Estimated TDS calculated as TDS = (0.55 , 0.90, or average 0.725) * C, where C is specific conductance in microsiemens
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GWBU C C C A A A B
study_loc_id SJMWD01 SJMWD02 SJMWD03 SJMWS01 SJMWS02 SJMWS03 SJMWS04
sample_date 1/8/2011 1/5/2011 1/7/2011 1/8/2011 1/5/2011 1/7/2011 12/28/2011

x 3216668.348 3217045.488 3217179.409 3216654.641 3217048.206 3217163.239 3216943.21
y 13857340.83 13857702.27 13857082.67 13857356.47 13857716.27 13857082.92 13857673.38

GWGWClass3 

TSS 2.5 U 6.5 2.5 U 2.5 U 42 23 14

Aluminum 7,300 0.056 0.12 0.17 0.043 J 0.205 0.12 0.48
Arsenic 1 0.0092 0.005 0.0016 0.0086 0.0073 0.0063 0.0075
Barium 200 0.15 0.52 0.45 0.19 0.21 3.8 0.47
Cadmium 0.5 0.0016 J 0.001 U 0.001 U 0.001 U 0.00265 J 0.001 U 0.0029 J
Chromium 10 0.001 U 0.001 U 0.001 U 0.001 U 0.0016 J 0.005 J 0.022
Cobalt 2.2 0.0017 0.002 0.00026 0.00038 0.00165 0.0031 0.0033
Copper 130 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.0037 J
Lead 1.5 1.7E-05 J 8.40E-05 0.00011 2.4E-05 J 0.000245 0.00015 0.0032
Magnesium -- 490 210 38 350 330 330 370
Manganese 1,000 1.9 1.4 0.12 1.7 2 4.4 2
Mercury 0.2 1E-05 UJ 1E-05 UJ 1E-05 UJ 1E-05 UJ 1E-05 UJ 1E-05 UJ 0.00017 J
Nickel 150 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.078
Thallium 0.2 5E-06 U 5.30E-05 1.9E-05 J 5E-06 U 0.00022 8E-06 U 5E-06 U
Vanadium 0.51 3E-05 U 0.0005 0.0015 6E-05 U 0.000595 0.0024 0.0011
Zinc 2,200 0.0004 UJ 0.0054 J 0.0004 UJ 0.0004 UJ 0.0041 U 0.0004 UJ 0.14

Aluminum -- 0.05 J 0.048 J 0.015 U 0.037 J 0.058 0.031 J 0.052
Arsenic -- 0.0095 0.0049 0.0019 0.0085 0.00695 0.0072 0.0073
Barium -- 0.15 0.56 0.45 0.19 0.215 3.8 0.45
Cadmium -- 0.001 U 0.001 U 0.001 U 0.001 U 0.0026 J 0.002 J 0.0022 J
Chromium -- 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.0028 J 0.001 U
Cobalt -- 0.0017 0.0019 0.00025 0.00035 0.00155 0.0031 0.0007
Copper -- 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U
Lead -- 5.5E-06 U 2.4E-05 J 5E-06 U 5E-06 U 2.1E-05 J 3E-05 J 1.9E-05 J
Magnesium -- 490 210 37 350 330 330 370
Manganese -- 2 1.5 0.11 1.7 2 4.4 2
Mercury -- 1E-05 UJ 1E-05 UJ 1E-05 UJ 1E-05 UJ 1E-05 UJ 1E-05 UJ 1E-05 U
Nickel -- 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U 0.0093 J
Thallium -- 5E-06 U 9.5E-06 U 8.5E-06 U 5.5E-06 U 1.1E-05 U 5.5E-06 U 5E-06 UJ
Vanadium -- 3E-05 U 0.0002 J 0.0014 3E-05 U 3E-05 U 0.0022 0.00023 J
Zinc -- 0.0004 UJ 0.0004 UJ 0.0004 UJ 0.0004 UJ 0.0004 UJ 0.0004 UJ 0.0004 UJ

Table 5-6
Results of Groundwater Sampling North of I-10

PhysChem (mg/L)

Metals (mg/L)

Dissolved Metals (mg/L)
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GWBU C C C A A A B
study_loc_id SJMWD01 SJMWD02 SJMWD03 SJMWS01 SJMWS02 SJMWS03 SJMWS04
sample_date 1/8/2011 1/5/2011 1/7/2011 1/8/2011 1/5/2011 1/7/2011 12/28/2011

x 3216668.348 3217045.488 3217179.409 3216654.641 3217048.206 3217163.239 3216943.21
y 13857340.83 13857702.27 13857082.67 13857356.47 13857716.27 13857082.92 13857673.38

GWGWClass3 

Table 5-6
Results of Groundwater Sampling North of I-10

 
Acenaphthene 440,000 0.013 U 0.013 U 0.013 U 0.013 U 0.013 U 0.013 U 0.013 U
Fluorene 290,000 0.014 U 0.014 U 0.014 U 0.014 U 0.014 U 0.014 U 0.03 J
Naphthalene 150,000 0.031 J 0.011 U 0.011 U 0.025 J 0.0295 J 0.033 J 0.046 J
Phenanthrene 220,000 0.011 U 0.029 J 0.011 U 0.011 U 0.011 U 0.011 U 0.099 J
Bis(2-ethylhexyl)phthalate 600 0.065 U 0.065 U 0.065 U 0.065 U 0.0975 J 0.065 U 0.49 J
Phenol 2,200,000 0.032 U 0.07 J 0.14 J 0.032 U 0.0795 J 0.032 U 1.1
Carbazole 10,000 0.009 U 0.009 U 0.009 U 0.009 U 0.018 J 0.009 U 0.054 J

Aroclor 1016 -- 480 U 480 U 2,400 U 480 U 480 U 480 U 40,000 U
Aroclor 1221 -- 480 U 480 U 20,000 U 480 U 480 U 480 U 95,000 U
Aroclor 1232 -- 480 U 480 U 4,800 U 480 U 480 U 480 U 85,000 U
Aroclor 1242 -- 480 U 480 U 2,900 U 480 U 480 U 480 U 75,000 U
Aroclor 1248 -- 480 U 480 U 2,700 U 480 U 480 U 480 U 28,000 U
Aroclor 1254 -- 480 U 480 U 480 U 480 U 480 U 480 U 31,000 U
Aroclor 1260 -- 480 U 480 U 480 U 480 U 480 U 480 U 19,000 U
Aroclor 1262 -- 480 U 480 U 480 U 480 U 480 U 480 U 480 U
Aroclor 1268 -- 480 U 480 U 480 U 480 U 480 U 480 U 480 U
Total PCBs (Aroclor sum) 50,000,000 2,200 U 2,200 U 17,000 U 2,200 U 2,200 U 2,200 U 190,000 U

2,3,7,8-TCDD -- 0.44 U 0.58 U 0.51 U 0.52 U 0.44 U 0.37 U 2,700
1,2,3,7,8-PeCDD -- 0.42 U 0.42 U 0.47 U 0.41 U 0.41 U 0.39 U 25 J
1,2,3,4,7,8-HxCDD -- 0.34 U 0.36 U 0.32 U 0.32 U 0.31 U 0.28 U 0.31 U
1,2,3,6,7,8-HxCDD -- 0.47 U 0.52 U 0.45 U 0.43 U 0.46 U 0.4 U 0.48 U
1,2,3,7,8,9-HxCDD -- 0.38 U 0.41 U 0.36 U 0.35 U 0.36 U 0.32 U 0.37 U
1,2,3,4,6,7,8-HpCDD -- 0.37 U 0.49 U 0.4 U 0.44 U 0.41 U 0.35 U 25 J
OCDD -- 1.1 U 0.79 U 0.62 U 0.55 U 3.6 J 7.2 U 390
2,3,7,8-TCDF -- 0.5 U 0.52 U 0.45 U 0.54 U 1.89 J 0.43 U 9,100
1,2,3,7,8-PeCDF -- 0.34 U 0.54 U 0.36 U 0.41 U 0.32 U 0.37 U 270
2,3,4,7,8-PeCDF -- 0.31 U 0.5 U 0.34 U 0.39 U 0.31 U 0.34 U 170
1,2,3,4,7,8-HxCDF -- 0.22 U 0.32 U 0.23 U 0.25 U 0.26 U 0.3 U 520
1,2,3,6,7,8-HxCDF -- 0.22 U 0.31 U 0.23 U 0.25 U 0.26 U 0.3 U 110
1,2,3,7,8,9-HxCDF -- 0.3 U 0.43 U 0.31 U 0.34 U 0.34 U 0.4 U 2.5 U
2,3,4,6,7,8-HxCDF -- 0.23 U 0.33 U 0.25 U 0.26 U 0.27 U 0.31 U 14 J
1,2,3,4,6,7,8-HpCDF -- 0.27 U 0.41 U 0.32 U 0.35 U 0.34 U 0.32 U 120
1,2,3,4,7,8,9-HpCDF -- 0.48 U 0.66 U 0.54 U 0.58 U 0.51 U 0.51 U 50

Semivolatile Organic Compounds (µg/L)

PCBs (pg/L)

Dioxin/Furans (pg/L)
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GWBU C C C A A A B
study_loc_id SJMWD01 SJMWD02 SJMWD03 SJMWS01 SJMWS02 SJMWS03 SJMWS04
sample_date 1/8/2011 1/5/2011 1/7/2011 1/8/2011 1/5/2011 1/7/2011 12/28/2011

x 3216668.348 3217045.488 3217179.409 3216654.641 3217048.206 3217163.239 3216943.21
y 13857340.83 13857702.27 13857082.67 13857356.47 13857716.27 13857082.92 13857673.38

GWGWClass3 

Table 5-6
Results of Groundwater Sampling North of I-10

 OCDF -- 0.55 U 0.69 U 0.67 U 0.68 U 0.57 U 0.7 U 81 J
TEQDF,M 3,000 1.24 U 1.5 U 1.37 U 1.35 U 2.64 J 1.17 U 3770

Notes

Samples SJMWS02-D1 & SJMWS02-D1 are averaged
If values are both ND, the lower detection limit is used.
If one value is ND, that detection limit is used.

 -- = no standard
GWBU = groundwater bearing unit
J =estimated value
PCB = polychlorinated biphenyl
TSS = total suspended solids
U = compound analyzed, but not detected above detection limit
UJ = compound analyzed, but not detected above estimated detection limit

TEQDF,M = Toxicity equivalent for dioxins and furans calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006).

Bold = Detected concentration is greater than GWClass3 screening level.  See Section 5.2.2 of the text for a discussion of the determination of site groundwater quality.
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2,3,7,8-TCDD 159 119 75% 0.0403 21,500 625
1,2,3,7,8-PeCDD 159 46 29% 0.016 175 6.83
1,2,3,4,7,8-HxCDD 159 53 33% 0.0221 70 1.12
1,2,3,6,7,8-HxCDD 159 93 58% 0.0233 50 1.55
1,2,3,7,8,9-HxCDD 159 91 57% 0.023 165 2.90
1,2,3,4,6,7,8-HpCDD 159 155 97% 0.921 290 33.1
OCDD 159 157 99% 19.4 4,870 869
2,3,7,8-TCDF 159 153 96% 0.0422 95,000 2,010
1,2,3,7,8-PeCDF 159 86 54% 0.00875 8,880 109
2,3,4,7,8-PeCDF 159 80 50% 0.0114 3,360 58.2
1,2,3,4,7,8-HxCDF 159 111 70% 0.00555 9,650 152
1,2,3,6,7,8-HxCDF 159 86 54% 0.0054 1,790 33.6
1,2,3,7,8,9-HxCDF 159 25 16% 0.00865 290 5.14
2,3,4,6,7,8-HxCDF 159 52 33% 0.00575 478 8.53
1,2,3,4,6,7,8-HpCDF 159 138 87% 0.0165 1,000 36.6
1,2,3,4,7,8,9-HpCDF 159 57 36% 0.0106 364 13.2
OCDF 159 145 91% 0.053 650 47.3
TEQDF,M 159 159 100% 0.129 31,600 875

Notes

dw = dry weight
USEPA = U.S. Environmental Protection Agency
a - The number of samples used in these calculations may differ from numbers shown in other tables because of the criteria used to select 
data.  For this analysis, "surface sediment" samples were those with an upper depth of 0 inches were used, regardless of the total depth.

Table 5-7
Summary Statistics for Dioxin and Furan Concentrations in Surface Sediment Samples from within USEPA's Preliminary Site Perimeter

Analyte
Number of 
Samplesa

Number of Detected 
Measurements

Detection 
Frequency

Minimum
(ng/kg dw)

Maximum
(ng/kg dw)

Mean
(ng/kg dw)

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  
TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and mammalian toxicity equivalency factors 
(Van den Berg et al. 2006) with non detects set at one-half the detection limit.
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PCB Aroclors (µg/kg dw)
Aroclor 1016 27 0 0% 9.5 7,000 894
Aroclor 1221 27 0 0% 9.5 15,500 1,520
Aroclor 1232 27 0 0% 9.5 9,000 1,170
Aroclor 1242 27 0 0% 9.5 8,000 1,020
Aroclor 1248 27 0 0% 9.5 3,600 451
Aroclor 1254 27 0 0% 9.5 2,750 276
Aroclor 1260 27 0 0% 9.5 3,100 270
Aroclor 1262 27 0 0% 9.5 1,350 120
Aroclor 1268 27 0 0% 9.5 250 48.6

PCB Congeners (ng/kw dw)
PCB077 31 19 61% 0.635 2,580 200
PCB081 31 6 19% 0.38 64 7.41
PCB105 31 27 87% 4.37 76,600 5,840
PCB114 31 19 61% 0.374 7,750 440
PCB118 31 26 84% 11.8 197,000 14,800
PCB123 31 19 61% 0.486 4,210 259
PCB126 31 4 13% 0.368 160 15.4
PCB156+157 31 26 84% 2.36 51,400 3,100
PCB167 31 22 71% 0.269 14,900 915
PCB169 31 1 3% 0.28 65 5.53
PCB189 31 14 45% 0.434 1,700 133
TEQP,M 31 30 97% 0.046 27.5 2.49

Metals (mg/kg dw)
Mercury 124 118 95% 0.001 2.83 0.126

Notes

dw = dry weight
PCB = polychlorinated biphenyl
USEPA = U.S. Environmental Protection Agency

TEQP,M = Toxicity equivalent for TCDD calculated for dioxin-like PCBs using mammalian toxicity eqiuvalency factors (Van den Berg et al. 
2006).

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  TEQDF,M (ND=1/2DL) = Toxicity 
equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) 
with non detects set at one-half the detection limit.

Table 5-8
Summary Statistics for Mercury, Aroclors and Dioxin-Like PCB Concentrations in Surface Sediment Samples from within USEPA's 

Preliminary Site Perimeter

Number of 
Samples

Number of Detected 
Measurements

Detection 
FrequencyAnalyte Minimum Maximum Mean
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2,3,7,8-TCDD 135 74 55% 0.0183 18,800 883
1,2,3,7,8-PeCDD 135 52 39% 0.0124 134 6.12
1,2,3,4,7,8-HxCDD 135 52 39% 0.014 2.15 0.292
1,2,3,6,7,8-HxCDD 135 88 65% 0.0135 14.3 1.21
1,2,3,7,8,9-HxCDD 135 95 70% 0.0136 5.59 0.972
1,2,3,4,6,7,8-HpCDD 135 134 99% 0.4 252 33.8
OCDD 135 135 100% 13 6,270 895
2,3,7,8-TCDF 135 98 73% 0.0132 72,900 2,670
1,2,3,7,8-PeCDF 135 56 41% 0.0118 1,700 87.4
2,3,4,7,8-PeCDF 135 59 44% 0.0107 1,050 48.8
1,2,3,4,7,8-HxCDF 135 72 53% 0.0052 2,800 142
1,2,3,6,7,8-HxCDF 135 70 52% 0.00515 671 33.1
1,2,3,7,8,9-HxCDF 135 23 17% 0.0091 35.1 1.60
2,3,4,6,7,8-HxCDF 135 40 30% 0.0056 79.9 4.13
1,2,3,4,6,7,8-HpCDF 135 75 56% 0.00995 804 40.2
1,2,3,4,7,8,9-HpCDF 135 51 38% 0.0172 270 13.2
OCDF 135 84 62% 0.018 702 56.4
TEQDF,M 132 132 100% 13.7 103,000 4,940

Notes

dw = dry weight
USEPA = U.S. Environmental Protection Agency

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  TEQDF,M (ND=1/2DL) = Toxicity 
equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) 
with non detects set at one-half the detection limit.

Table 5-9
Summary Statistics for Dioxin and Furan Concentrations in Subsurface Sediment Samples from within USEPA's Preliminary Site 

Perimeter

Number of 
Samples

Number of Detected 
Measurements

Detection 
FrequencyAnalyte

Minimum 
(ng/kg dw)

Maximum 
(ng/kg dw)

Mean
(ng/kg dw)
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PCB Aroclors (µg/kg dw)
Aroclor 1016 32 0 0% 9.5 15,000 2,710
Aroclor 1221 32 0 0% 9.5 26,500 4,460
Aroclor 1232 32 0 0% 9.5 26,500 4,520
Aroclor 1242 32 0 0% 9.5 17,000 2,940
Aroclor 1248 32 0 0% 9.5 6,500 1,040
Aroclor 1254 32 1 3% 9.5 2,250 321
Aroclor 1260 32 0 0% 9.5 2,650 334
Aroclor 1262 32 0 0% 9.5 650 145
Aroclor 1268 32 0 0% 9.5 650 144
Total PCBs (Aroclor sum) (ng/kg dw) 8 8 100% 1,350 61,200 17,500

PCB Congeners (ng/kw dw)
PCB077 40 21 53% 0.246 1,400 189
PCB081 40 5 13% 0.244 91.3 12.3
PCB105 40 29 73% 0.695 69,000 6,360
PCB114 40 18 45% 0.29 3,720 347
PCB118 40 26 65% 2.77 158,000 15,100
PCB123 40 17 43% 0.296 1,980 193
PCB126 40 5 13% 0.28 203 19.0
PCB156+157 40 27 68% 0.263 28,600 2,590
PCB167 40 24 60% 0.182 8,310 770
PCB169 40 0 0% 0.206 675 41.4
PCB189 40 15 38% 0.264 1,850 160
TEQP,M 40 32 80% 0.0357 38.1 3.96

Metals (mg/kg dw)
Mercury 132 128 97% 0.001 2.72 0.157

Notes

dw = dry weight
PCB = polychlorinated biphenyl
USEPA = U.S. Environmental Protection Agency

TEQP,M = Toxicity equivalent for TCDD calculated for dioxin-like PCBs using mammalian toxicity eqiuvalency factors (Van den Berg et al. 2006).

For all calculations, concentrations below the detection limit were set to one-half the detection limit.  TEQDF,M (ND=1/2DL) = 
Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg 
et al. 2006) with non detects set at one-half the detection limit.

Table 5-10
Summary Statistics for Mercury, Aroclors and Dioxin-Like PCB Congener Concentrations in Subsurface Sediment Samples from within USEPA's 

Preliminary Site Perimeter

Number of 
Samples

Number of Detected 
Measurements

Detection 
FrequencyAnalyte Minimum Maximum Mean
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COPC Tau-b P-Value
2,3,7,8-TCDD 0.32 0.00
1,2,3,7,8-PeCDD 0.13 0.02
1,2,3,4,7,8-HxCDD 0.14 0.01
1,2,3,6,7,8-HxCDD 0.27 0.00
1,2,3,7,8,9-HxCDD 0.30 0.00
1,2,3,4,6,7,8-HpCDD 0.48 0.00
OCDD 0.44 0.00
2,3,7,8-TCDF 0.34 0.00
1,2,3,7,8-PeCDF 0.24 0.00
2,3,4,7,8-PeCDF 0.24 0.00
1,2,3,4,7,8-HxCDF 0.25 0.00
1,2,3,6,7,8-HxCDF 0.24 0.00
1,2,3,7,8,9-HxCDF 0.11 0.03
2,3,4,6,7,8-HxCDF 0.15 0.00
1,2,3,4,6,7,8-HpCDF 0.35 0.00
1,2,3,4,7,8,9-HpCDF 0.14 0.01
OCDF 0.37 0.00
TEQDF,MDL.2 0.42 0.00
TEQP,MDL.2 0.44 0.00
Mercury 0.58 0.00

COPC Tau-b P-Value
2,3,7,8-TCDD 0.38 0.00
1,2,3,7,8-PeCDD 0.10 0.07
1,2,3,4,7,8-HxCDD 0.11 0.06
1,2,3,6,7,8-HxCDD 0.30 0.00
1,2,3,7,8,9-HxCDD 0.35 0.00
1,2,3,4,6,7,8-HpCDD 0.53 0.00
OCDD 0.55 0.00
2,3,7,8-TCDF 0.43 0.00
1,2,3,7,8-PeCDF 0.24 0.00
2,3,4,7,8-PeCDF 0.25 0.00
1,2,3,4,7,8-HxCDF 0.26 0.00
1,2,3,6,7,8-HxCDF 0.22 0.00
1,2,3,7,8,9-HxCDF 0.07 0.20
2,3,4,6,7,8-HxCDF 0.07 0.20
1,2,3,4,6,7,8-HpCDF 0.39 0.00
1,2,3,4,7,8,9-HpCDF 0.11 0.06
OCDF 0.44 0.00
TEQDF,M 0.46 0.00
TEQP.M 0.26 0.02
Mercury 0.62 0.00
Notes

COPC = chemical of potential concern

For all calculations, concentrations below the detection limit were set to 
one-half the detection limit.  
TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using 
dioxins and furans and mammalian toxicity equivalency factors (Van den 
Berg et al. 2006) with non detects set at one-half the detection limit.
TEQP,M (ND=1/2DL) = Toxicity equivalent for TCDD calculated for dioxin-like 
PCBs (Table 2-15) using mammalian toxicity equivalency factors (Van den 
Berg et al. 2006) with nondetects set at one-half the detection limit.

Results of Correlation Analysis of Each COPC with Total Fines
Table 5-12

Table 5-11
Results of Correlation Analysis of Each COPC with Total Organic Carbon
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Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a

Blue Crab - Edible
Dioxins and Furans (ng/kg ww)

2,3,7,8-TCDD 5/10 0.513 1.43 0.523 0.371 2/10 0.134 0.416 0.126 0.105 0/10 -- -- 0.0608 0.0615 1/20 0.0187 0.512 0.0701 0.0437
1,2,3,7,8-PeCDD 0/10 -- -- 0.0402 0.0293 0/10 -- -- 0.028 0.028 0/10 -- -- 0.0333 0.0276 0/20 0.0182 0.0725 0.0404 0.0354
1,2,3,4,7,8-HxCDD 0/10 -- -- 0.0248 0.0254 0/10 -- -- 0.023 0.023 0/10 -- -- 0.025 0.0223 0/20 0.0151 0.0825 0.0327 0.0293
1,2,3,6,7,8-HxCDD 2/10 0.0773 0.184 0.0534 0.0395 0/10 -- -- 0.03 0.0305 0/10 -- -- 0.0311 0.0278 0/20 0.0202 0.105 0.0413 0.0387
1,2,3,7,8,9-HxCDD 1/10 0.191 0.191 0.0435 0.0279 0/10 -- -- 0.0256 0.0259 0/10 -- -- 0.027 0.0238 0/20 0.0171 0.0920 0.0358 0.0327
1,2,3,4,6,7,8-HpCDD 7/10 0.102 0.348 0.134 0.117 1/10 0.0962 0.0962 0.0347 0.0254 0/10 -- -- 0.0282 0.0257 1/20 0.0177 0.189 0.0485 0.0336
OCDD 5/10 0.443 2.51 0.645 0.407 5/10 0.23 1.27 0.329 0.197 0/10 -- -- 0.0962 0.089 3/20 0.0560 0.495 0.207 0.171
2,3,7,8-TCDF 9/10 0.52 3.31 1.39 1.26 8/10 0.359 1.07 0.504 0.464 4/10 0.242 0.787 0.238 0.158 0/20 0.0275 0.823 0.104 0.0477
1,2,3,7,8-PeCDF 0/10 -- -- 0.0289 0.0286 0/10 -- -- 0.0258 0.0253 0/10 -- -- 0.0309 0.03 0/20 0.0150 0.0815 0.0369 0.0327
2,3,4,7,8-PeCDF 0/10 -- -- 0.0276 0.0268 0/10 -- -- 0.0257 0.0252 0/10 -- -- 0.0295 0.0291 0/20 0.0140 0.0740 0.0349 0.0309
1,2,3,4,7,8-HxCDF 1/10 0.199 0.199 0.0376 0.0179 0/10 -- -- 0.0185 0.0177 0/10 -- -- 0.0208 0.019 0/20 0.0171 0.0835 0.0290 0.0242
1,2,3,6,7,8-HxCDF 3/10 0.0622 0.16 0.0442 0.0213 0/10 -- -- 0.0181 0.0172 0/10 -- -- 0.0197 0.0179 0/20 0.0164 0.0765 0.0273 0.0230
1,2,3,7,8,9-HxCDF 0/10 -- -- 0.0276 0.0191 0/10 -- -- 0.0244 0.0225 0/10 -- -- 0.0257 0.0235 0/20 0.0179 0.132 0.0380 0.0311
2,3,4,6,7,8-HxCDF 1/10 0.134 0.134 0.0315 0.0181 0/10 -- -- 0.0202 0.0189 0/10 -- -- 0.0212 0.0193 0/20 0.0173 0.0855 0.0303 0.0248
1,2,3,4,6,7,8-HpCDF 0/10 -- -- 0.0319 0.0259 0/10 -- -- 0.0195 0.0194 0/10 -- -- 0.0265 0.0283 0/20 0.0143 0.0840 0.0307 0.0277
1,2,3,4,7,8,9-HpCDF 0/10 -- -- 0.0377 0.0335 0/10 -- -- 0.0282 0.0277 0/10 -- -- 0.0387 0.0393 0/20 0.0203 0.124 0.0404 0.0380
OCDF 4/10 0.112 0.53 0.15 0.084 0/10 -- -- 0.042 0.041 0/10 -- -- 0.0577 0.054 1/20 0.0332 0.210 0.0757 0.0660
TEQDF,M 10/10 0.229 1.91 0.739 0.554 8/10 0.139 0.558 0.23 0.199 4/10 0.0921 0.271 0.146 0.151 6/20 0.0726 0.639 0.157 0.119
TEQDFP,M 10/10 0.355 1.99 0.858 0.641 10/10 0.288 0.891 0.472 0.428 10/10 0.233 0.396 0.286 0.273 10/10 0.111 0.28 0.2 0.190
TEQP,M 10/10 0.0654 0.234 0.119 0.107 10/10 0.115 0.547 0.242 0.212 10/10 0.0688 0.303 0.14 0.147 10/10 0.0382 0.169 0.0907 0.0910

Polychlorinated Biphenyls (µg/kg ww)
Total PCBsb 10/10 0.554 5.86 1.97 1.35 10/10 4.6 13.5 7.44 6.58 10/10 2.94 9.06 5.04 4.22 10/10 0.547 2.13 1.29 1.39

Metals (mg/kg ww)
Mercury 10/10 0.0419 0.0652 0.0527 0.0531 10/10 0.0171 0.0498 0.0292 0.0245 10/10 0.0276 0.0522 0.0386 0.0354 10/10 0.0149 0.0364 0.0205 0.0189

Notes
FCA = fish collection area
PCB = polychlorinated biphenyl
TEQDF,M = Toxicity equivalent for dioxins and furans calculated using mammalian toxicity equivalency factors (van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQDFP,M = Toxicity equivalent for dioxins, furans and polychlorinated biphenyls calculated using mammalian toxicity equivalency factors  (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

USEPA = U.S. Environmental Protection Agency

ww = wet weight
-- = Not applicable, no detected values

a - Mean and median calculations include detected and nondetected values. Nondetected values were set at one-half the detection limit.

TEQP,M - Toxicity equivalent for polychlorinated biphenyls calculated using mammalian toxicity equivalency factors with nondetects set at one-half the detection limit.  Data for individual congeners are presented in Appendix B.

b -  Total PCBs were calculated using all 209 PCB congeners with non-detects set at one-half the detection limit.

Table 5-13
Summary Statistics for Dioxins, Furans, PCBs, and Mercury in Edible Blue Crab Tissue from FCAs within USEPA's Preliminary Site Perimeter and from Background

FCA1 FCA2 FCA3 Background
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Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a

Blue Crab - Whole
Dioxins and Furans (ng/kg ww)

2,3,7,8-TCDD 3/3 1.17 3.34 2.33 2.47 3/3 0.955 3.11 1.89 1.60 2/3 0.812 1.11 0.804 0.812 1/3 0.124 0.124 0.0771 0.0668
1,2,3,7,8-PeCDD 0/3 -- -- 0.0342 0.0247 0/3 -- -- 0.0265 0.0217 0/3 -- -- 0.0309 0.0259 0/3 -- -- 0.0378 0.0374
1,2,3,4,7,8-HxCDD 0/3 -- -- 0.0252 0.0265 0/3 -- -- 0.0230 0.0212 0/3 -- -- 0.0278 0.0253 0/3 -- -- 0.0276 0.0262
1,2,3,6,7,8-HxCDD 1/3 0.152 0.152 0.0785 0.0453 0/3 -- -- 0.0318 0.0288 0/3 -- -- 0.0345 0.0340 0/3 -- -- 0.0344 0.0347
1,2,3,7,8,9-HxCDD 0/3 -- -- 0.0331 0.0371 0/3 -- -- 0.0264 0.0242 0/3 -- -- 0.0299 0.0286 0/3 -- -- 0.0295 0.0287
1,2,3,4,6,7,8-HpCDD 3/3 0.106 0.308 0.206 0.205 1/3 0.208 0.208 0.122 0.103 1/3 0.139 0.139 0.104 0.0904 0/3 -- -- 0.0702 0.0780
OCDD 2/3 0.937 2.60 1.70 1.55 3/3 1.29 6.22 3.41 2.71 2/3 2.05 2.61 1.84 2.05 3/3 0.728 3.43 1.88 1.48
2,3,7,8-TCDF 3/3 3.04 10.2 7.00 7.74 3/3 2.98 11.1 6.63 5.82 3/3 2.75 4.17 3.43 3.37 2/3 0.251 0.281 0.191 0.251
1,2,3,7,8-PeCDF 1/3 0.116 0.116 0.0724 0.0782 0/3 -- -- 0.0505 0.044563 0/3 -- -- 0.0387 0.0400 0/3 -- -- 0.0339 0.0349
2,3,4,7,8-PeCDF 3/3 0.0919 0.230 0.156 0.146 1/3 0.259 0.259 0.117 0.0537 0/3 -- -- 0.0376 0.0398 0/3 -- -- 0.0328 0.0323
1,2,3,4,7,8-HxCDF 0/3 -- -- 0.0246 0.0227 0/3 -- -- 0.0273 0.0289 0/3 -- -- 0.0274 0.0257 0/3 -- -- 0.0183 0.0186
1,2,3,6,7,8-HxCDF 0/3 -- -- 0.0204 0.0178 0/3 -- -- 0.0270 0.0287 0/3 -- -- 0.0206 0.0192 0/3 -- -- 0.0175 0.0181
1,2,3,7,8,9-HxCDF 0/3 -- -- 0.0209 0.0207 0/3 -- -- 0.0370 0.0381 0/3 -- -- 0.0264 0.0262 0/3 -- -- 0.0218 0.0218
2,3,4,6,7,8-HxCDF 0/3 -- -- 0.0189 0.0193 0/3 -- -- 0.0297 0.0313 0/3 -- -- 0.0221 0.0203 0/3 -- -- 0.0196 0.0200
1,2,3,4,6,7,8-HpCDF 1/3 0.0541 0.0541 0.0383 0.0391 0/3 -- -- 0.0245 0.0255 2/3 0.0379 0.0702 0.0450 0.0379 0/3 -- -- 0.0193 0.0208
1,2,3,4,7,8,9-HpCDF 0/3 -- -- 0.0275 0.0280 0/3 -- -- 0.0321 0.0282 0/3 -- -- 0.0336 0.0375 0/3 -- -- 0.0278 0.0301
OCDF 1/3 0.111 0.111 0.107 0.111 0/3 -- -- 0.0671 0.0564 0/3 -- -- 0.0524 0.0500 0/3 -- -- 0.0473 0.0480
TEQDF,M 3/3 1.54 4.53 3.13 3.33 3/3 1.30 4.37 2.64 2.24 3/3 0.879 1.59 1.21 1.17 3/3 0.117 0.209 0.163 0.165
TEQDFP,M 3/3 2.20 5.54 3.78 3.61 3/3 1.68 5.62 3.43 2.98 3/3 1.69 1.96 1.84 1.87 3/3 0.263 0.316 0.287 0.281
TEQP,M 3/3 0.276 1.01 0.648 0.663 3/3 0.383 1.25 0.791 0.735 3/3 0.284 0.810 0.630 0.795 3/3 0.108 0.147 0.123 0.116

Polychlorinated Biphenyls (µg/kg ww)
Total PCBsb 3/3 15.1 34.8 26.2 28.5 3/3 17.4 30.7 25.8 29.3 3/3 20.2 24 21.6 20.6 3/3 3.67 4.9 4.23 4.12

Metals (mg/kg ww)
Mercury 3/3 0.0240 0.0286 0.0263 0.0262 3/3 0.0144 0.0217 0.0171 0.0153 3/3 0.0199 0.0257 0.0218 0.0199 3/3 0.0101 0.0193 0.0137 0.0117

Notes
FCA = fish collection area
PCB = polychlorinated biphenyl
TEQDF,M = Toxicity equivalent for dioxins and furans calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQDFP,M = Toxicity equivalent for dioxins, furans and polychlorinated biphenyls calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

USEPA = U.S. Environmental Protection Agency
ww = wet weight
-- = Not applicable, no detected values

a - Mean and median calculations include detected and nondetected values. Nondetected values were set at one-half the detection limit.

TEQP,M - Toxicity equivalent for polychlorinated biphenyls calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.  Data for individual congeners are presented in Appendix B.

b -  Total PCBs were calculated using all 209 PCB congeners with non-detects set at one-half the detection limit.

Cedar Bayou

Table 5-14
Summary Statistics for Dioxins, Furans, PCBs, and Mercury in Whole Blue Crab Tissue from FCAs within USEPA's Preliminary Site Perimeter and from Cedar Bayou

FCA1 FCA2 FCA3
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Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a

Catfish - Fillet 
Dioxins and Furans (ng/kg ww)

2,3,7,8-TCDD 10/10 0.755 5.03 2.77 2.71 10/10 2.38 5.35 3.6 3.47 10/10 1.5 4.63 2.97 2.85 10/20 0.0965 3.60 0.622 0.241
1,2,3,7,8-PeCDD 2/10 0.163 0.174 0.063 0.0289 4/10 0.108 0.216 0.0978 0.066 4/10 0.183 0.334 0.130 0.0528 5/20 0.0151 0.625 0.118 0.0593
1,2,3,4,7,8-HxCDD 2/10 0.0431 0.0642 0.0242 0.0178 3/10 0.0705 0.103 0.0395 0.0251 3/10 0.0657 0.266 0.0696 0.0299 11/20 0.0130 0.794 0.127 0.0535
1,2,3,6,7,8-HxCDD 6/10 0.134 0.608 0.2 0.153 6/10 0.188 0.704 0.256 0.193 5/10 0.222 1.69 0.476 0.183 11/20 0.0257 2.55 0.376 0.170
1,2,3,7,8,9-HxCDD 4/10 0.0444 0.2 0.0554 0.0413 0/10 -- -- 0.0409 0.0278 4/10 0.0558 0.604 0.145 0.0438 7/20 0.0156 0.721 0.141 0.0495
1,2,3,4,6,7,8-HpCDD 1/10 0.845 0.845 0.222 0.167 0/10 -- -- 0.239 0.208 2/10 2.44 3.40 0.801 0.247 8/20 0.0895 4.26 0.801 0.277
OCDD 0/10 -- -- 0.436 0.455 0/10 -- -- 0.558 0.543 0/10 -- -- 1.02 0.67 0/20 0.202 10.3 1.99 0.665
2,3,7,8-TCDF 6/10 0.279 1.03 0.319 0.283 9/10 0.404 1.46 0.779 0.687 8/10 0.396 1.27 0.579 0.582 3/20 0.0164 1.10 0.158 0.0615
1,2,3,7,8-PeCDF 0/10 -- -- 0.0229 0.0234 1/10 0.0904 0.0904 0.0291 0.021 0/10 -- -- 0.0269 0.0276 1/20 0.00940 0.170 0.0320 0.0224
2,3,4,7,8-PeCDF 3/10 0.198 0.335 0.111 0.0658 5/10 0.123 0.300 0.157 0.146 3/10 0.163 0.402 0.158 0.13 5/20 0.0143 0.590 0.0983 0.0313
1,2,3,4,7,8-HxCDF 0/10 -- -- 0.0146 0.0146 1/10 0.0504 0.0504 0.0219 0.0193 1/10 0.0794 0.0794 0.0236 0.0182 1/20 0.00895 0.0920 0.0227 0.0158
1,2,3,6,7,8-HxCDF 0/10 -- -- 0.0139 0.0138 0/10 -- -- 0.0173 0.0171 0/10 -- -- 0.0166 0.0171 2/20 0.00850 0.125 0.0261 0.0136
1,2,3,7,8,9-HxCDF 0/10 -- -- 0.0185 0.0184 0/10 -- -- 0.0216 0.0215 0/10 -- -- 0.0199 0.0189 0/20 0.0108 0.107 0.0256 0.0184
2,3,4,6,7,8-HxCDF 0/10 -- -- 0.0154 0.0153 0/10 -- -- 0.0201 0.0199 0/10 -- -- 0.0181 0.0182 0/20 0.00945 0.101 0.0224 0.0149
1,2,3,4,6,7,8-HpCDF 0/10 -- -- 0.0182 0.017 0/10 -- -- 0.0191 0.0186 0/10 -- -- 0.0197 0.0199 1/20 0.0104 0.0671 0.0266 0.0228
1,2,3,4,7,8,9-HpCDF 0/10 -- -- 0.0272 0.0255 0/10 -- -- 0.0265 0.0264 0/10 -- -- 0.0259 0.0242 0/20 0.0141 0.0645 0.0291 0.0299
OCDF 0/10 -- -- 0.0494 0.0415 0/10 -- -- 0.0357 0.0343 0/10 -- -- 0.0573 0.0316 3/20 0.0197 0.943 0.108 0.0490
TEQDF,M 10/10 0.801 5.45 2.94 2.81 10/10 2.58 5.85 3.87 3.66 10/10 1.60 5.32 3.29 3.02 18/20 0.142 4.97 0.865 0.373
TEQDFP,M 10/10 1.26 6.71 4.21 4.06 10/10 3.33 7.14 5.15 5.33 10/10 1.91 8.12 4.66 4.25 10/10 0.504 1.19 0.719 0.649
TEQP,M 10/10 0.457 2.27 1.28 1.15 10/10 0.573 2.03 1.28 1.29 10/10 0.282 2.79 1.36 1.29 10/10 0.223 0.804 0.48 0.571

Polychlorinated Biphenyls (µg/kg ww)
Total PCBsb 10/10 22.2 159 97.7 91.9 10/10 64.6 158 99.7 97.2 10/10 29.8 152 107 119 10/10 25.4 88.4 46.5 37.4

Metals (mg/kg ww)
Mercury 10/10 0.104 0.266 0.159 0.137 10/10 0.069 0.264 0.114 0.0942 10/10 0.0408 0.188 0.0856 0.075 10/10 0.0801 0.197 0.126 0.117

Notes
FCA = fish collection area
PCB = polychlorinated biphenyl
TEQDF,M = Toxicity equivalent for dioxins and furans calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQDFP,M = Toxicity equivalent for dioxins, furans and polychlorinated biphenyls calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

USEPA = U.S. Environmental Protection Agency
ww = wet weight
-- = Not applicable, no detected values

a - Mean and median calculations include detected and nondetected values. Nondetected values were set at one-half the detection limit.

Table 5-15
Summary Statistics for Dioxins, Furans, PCBs, and Mercury in Hardhead Catfish Fillet Tissue from FCAs within USEPA's Preliminary Site Perimeter and from Background

Background

TEQP,M - Toxicity equivalent for polychlorinated biphenyls calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.  Data for individual congeners are presented in Appendix B.

b -  Total PCBs were calculated using all 209 PCB congeners with non-detects set at one-half the detection limit.

FCA1 FCA2 FCA3
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Detection 
Frequency
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Detected 

Value
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Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 
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Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a

Catfish - Whole
Dioxins and Furans (ng/kg ww)

2,3,7,8-TCDD 3/3 17.5 28.1 23.1 23.7 4/4 10.0 25.7 18.1 18.4 3/3 12.5 32.5 23.4 25.2 8/8 0.664 1.91 1.50 1.64
1,2,3,7,8-PeCDD 1/3 0.729 0.729 0.581 0.573 4/4 0.351 1.16 0.669 0.582 3/3 0.463 2.76 1.60 1.58 7/8 0.214 0.612 0.440 0.470
1,2,3,4,7,8-HxCDD 3/3 0.310 0.493 0.403 0.405 4/4 0.121 0.644 0.301 0.220 3/3 0.184 2.57 1.31 1.19 6/8 0.174 0.335 0.209 0.233
1,2,3,6,7,8-HxCDD 3/3 1.95 3.12 2.42 2.18 3/4 0.406 3.49 1.45 0.944 3/3 1.08 14.7 7.36 6.29 8/8 0.475 1.26 0.940 0.941
1,2,3,7,8,9-HxCDD 3/3 0.479 0.901 0.655 0.585 3/4 0.320 0.875 0.422 0.374 3/3 0.289 4.77 2.44 2.25 8/8 0.155 0.410 0.296 0.290
1,2,3,4,6,7,8-HpCDD 3/3 2.27 4.26 3.35 3.53 4/4 1.32 4.13 2.48 2.23 3/3 1.84 29.9 14.0 10.2 8/8 1.47 3.84 2.13 1.83
OCDD 3/3 5.55 10.9 8.19 8.15 4/4 3.26 7.96 5.72 5.83 3/3 6.00 38.8 19.8 14.5 8/8 3.56 10.8 6.23 5.68
2,3,7,8-TCDF 3/3 1.54 3.78 2.72 2.83 4/4 3.20 3.85 3.43 3.34 3/3 1.50 5.03 3.77 4.79 6/8 0.272 0.867 0.435 0.410
1,2,3,7,8-PeCDF 1/3 0.174 0.174 0.0930 0.0717 2/4 0.122 0.142 0.0878 0.0926 2/3 0.0836 0.304 0.189 0.180 0/8 -- -- 0.0348 0.0343
2,3,4,7,8-PeCDF 3/3 1.04 1.95 1.54 1.62 4/4 0.662 1.72 1.11 1.03 3/3 0.509 3.37 2.17 2.64 5/8 0.207 0.344 0.203 0.213
1,2,3,4,7,8-HxCDF 2/3 0.0667 0.0833 0.0566 0.0667 2/4 0.0449 0.0968 0.0470 0.0361 1/3 0.262 0.262 0.132 0.121 1/8 0.0431 0.0431 0.0229 0.0150
1,2,3,6,7,8-HxCDF 0/3 -- -- 0.0159 0.0190 1/4 0.0552 0.0552 0.0272 0.0204 2/3 0.129 0.169 0.104 0.129 2/8 0.0224 0.196 0.0401 0.0190
1,2,3,7,8,9-HxCDF 0/3 -- -- 0.0188 0.0209 0/4 -- -- 0.0211 0.0224 2/3 0.0435 0.0538 0.0383 0.0435 1/8 0.0471 0.0471 0.0250 0.0194
2,3,4,6,7,8-HxCDF 0/3 -- -- 0.0197 0.0175 1/4 0.0355 0.0355 0.0248 0.0214 1/3 0.197 0.197 0.0933 0.0667 1/8 0.0577 0.0577 0.0240 0.0171
1,2,3,4,6,7,8-HpCDF 1/3 0.0416 0.0416 0.0271 0.0213 0/4 -- -- 0.0230 0.0226 1/3 0.0631 0.0631 0.0359 0.0303 1/8 0.0436 0.0436 0.0214 0.0157
1,2,3,4,7,8,9-HpCDF 0/3 -- -- 0.0243 0.0279 0/4 -- -- 0.0321 0.0321 0/3 -- -- 0.0276 0.0217 0/8 -- -- 0.0215 0.0211
OCDF 1/3 0.332 0.332 0.136 0.0417 0/4 -- -- 0.0318 0.0322 0/3 -- -- 0.0460 0.0371 2/8 0.107 0.116 0.0603 0.0532
TEQDF,M 3/3 19.0 29.7 24.8 25.7 4/4 11.0 28.3 19.7 19.8 3/3 13.5 39.3 27.3 29.2 8/8 1.01 2.90 2.23 2.32
TEQDFP,M 3/3 28.0 38.9 33.9 34.9 4/4 14.7 32.3 26.3 29.2 3/3 20.2 50.9 35.4 35.1 8/8 3.00 6.54 4.89 5.07
TEQP,M 3/3 8.98 9.20 9.12 9.19 4/4 3.75 9.54 6.62 6.59 3/3 5.99 11.5 8.08 6.70 8/8 1.25 4.29 2.66 2.68

Polychlorinated Biphenyls (µg/kg ww)
Total PCBsb 3/3 610 694 655 660 4/4 295 845 598 627 3/3 486 806 644 640 8/8 137 485 280 225

Metals (mg/kg ww)
Mercury 3/3 0.0760 0.118 0.102 0.112 4/4 0.0423 0.137 0.0830 0.0764 3/3 0.0329 0.0868 0.0607 0.0626 8/8 0.0532 0.372 0.125 0.0961

Notes
FCA = fish collection area
PCB = polychlorinated biphenyl
TEQDF,M = Toxicity equivalent for dioxins and furans calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQDFP,M = Toxicity equivalent for dioxins, furans and polychlorinated biphenyls calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

USEPA = U.S. Environmental Protection Agency
-- = Not applicable, no detected values

a - Mean and median calculations include detected and nondetected values. Nondetected values were set at one-half the detection limit.

TEQP,M - Toxicity equivalent for polychlorinated biphenyls calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006)with nondetects set at one-half the detection limit.  Data for individual congeners are presented in Appendix B.

b -  Total PCBs were calculated using all 209 PCB congeners with non-detects set at one-half the detection limit.

Cedar Bayou

Table 5-16
Summary Statistics for Dioxins, Furans, PCBs, and Mercury in Whole Hardhead Catfish Tissue from FCAs within USEPA's Preliminary Site Perimeter and Cedar Bayou

FCA1 FCA2 FCA3
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Detection 
Frequency
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Detected 

Value

Maximum 
Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
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Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 
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Maximum 
Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a

Clam - Edible
Dioxins and Furans (ng/kg ww)

2,3,7,8-TCDD 4/5 1.31 1.50 1.19 1.37 13/15 0.519 17.6 5 1.98 3/5 0.647 0.784 0.479 0.647 1/10 0.454 0.454 0.152 0.097
1,2,3,7,8-PeCDD 0/5 -- -- 0.0303 0.0295 0/15 -- -- 0.03 0.0261 0/5 -- -- 0.0532 0.054 0/10 -- -- 0.045 0.0424
1,2,3,4,7,8-HxCDD 0/5 -- -- 0.0255 0.0234 0/15 -- -- 0.0388 0.0377 0/5 -- -- 0.0517 0.0565 0/10 -- -- 0.0368 0.035
1,2,3,6,7,8-HxCDD 0/5 -- -- 0.0317 0.0292 1/15 0.727 0.727 0.0912 0.0465 0/5 -- -- 0.0669 0.073 0/10 -- -- 0.0488 0.0461
1,2,3,7,8,9-HxCDD 0/5 -- -- 0.0278 0.0255 1/15 0.468 0.468 0.0691 0.041 0/5 -- -- 0.055 0.06 0/10 -- -- 0.0403 0.0382
1,2,3,4,6,7,8-HpCDD 3/5 0.882 1.17 0.734 0.882 8/15 0.22 26.1 2.01 0.271 3/5 0.247 0.469 0.314 0.263 6/10 0.406 0.554 0.37 0.408
OCDD 5/5 3.02 8.38 6.51 7.14 13/15 1.31 182 15.3 3.67 5/5 2.01 5.30 3.70 4.24 10/10 3.85 6.22 4.84 4.85
2,3,7,8-TCDF 4/5 2.98 6.03 4.31 4.61 15/15 2.72 89.6 27 10.8 5/5 1.38 3.70 2.47 2.80 9/10 0.498 2.31 1.22 1.28
1,2,3,7,8-PeCDF 0/5 -- -- 0.0287 0.0314 2/15 0.358 0.692 0.16 0.0468 0/5 -- -- 0.0459 0.047 0/10 -- -- 0.0387 0.0365
2,3,4,7,8-PeCDF 0/5 -- -- 0.0347 0.0315 3/15 0.591 0.884 0.193 0.0456 0/5 -- -- 0.0436 0.044 0/10 -- -- 0.0386 0.0371
1,2,3,4,7,8-HxCDF 0/5 -- -- 0.0315 0.0313 2/15 0.686 1.36 0.191 0.0334 0/5 -- -- 0.0528 0.0505 0/10 -- -- 0.0311 0.0305
1,2,3,6,7,8-HxCDF 0/5 -- -- 0.0303 0.0302 2/15 0.201 0.691 0.0808 0.0242 0/5 -- -- 0.0495 0.0494 0/10 -- -- 0.0295 0.029
1,2,3,7,8,9-HxCDF 0/5 -- -- 0.0494 0.0483 0/15 -- -- 0.042 0.0369 0/5 -- -- 0.0686 0.069 0/10 -- -- 0.0411 0.0419
2,3,4,6,7,8-HxCDF 0/5 -- -- 0.0359 0.0342 1/15 0.611 0.611 0.0643 0.0275 0/5 -- -- 0.0567 0.0555 0/10 -- -- 0.0345 0.0334
1,2,3,4,6,7,8-HpCDF 0/5 -- -- 0.0356 0.0317 1/15 10.2 10.2 0.712 0.0321 0/5 -- -- 0.0443 0.0451 0/10 -- -- 0.0353 0.0359
1,2,3,4,7,8,9-HpCDF 0/5 -- -- 0.0497 0.0452 1/15 1.10 1.10 0.118 0.045 0/5 -- -- 0.0588 0.0605 0/10 -- -- 0.05 0.0518
OCDF 0/5 -- -- 0.069 0.0525 1/15 45.4 45.4 3.08 0.0474 0/5 -- -- 0.115 0.114 0/10 -- -- 0.0732 0.0715
TEQDF,M 5/5 0.718 2.19 1.7 1.9 15/15 0.854 27.0 7.89 3.61 5/5 0.371 1.29 0.838 1.05 10/10 0.173 0.702 0.364 0.341
TEQDFP,M 5/5 0.940 2.42 1.92 2.06 15/15 1.26 27.6 8.39 3.86 5/5 0.666 1.64 1.2 1.49 10/10 0.296 0.902 0.545 0.479
TEQP,M 5/5 0.156 0.271 0.22 0.225 15/15 0.202 1.90 0.502 0.376 5/5 0.279 0.436 0.366 0.367 10/10 0.118 0.283 0.181 0.175

Polychlorinated Biphenyls (µg/kg ww)
Total PCBsb 5/5 20.4 25.6 23.6 23.7 15/15 20.2 95.4 46.1 30.8 5/5 30.4 40.8 34.1 34 10/10 9.54 17.8 12.9 11.7

Metals (mg/kg ww)
Mercury 5/5 0.0066 0.0124 0.00942 0.0092 13/15 0.0042 0.0154 0.0096 0.0104 5/5 0.0106 0.0178 0.0127 0.012 10/10 0.0046 0.008 0.0062 0.00615

Notes
FCA = fish collection area
PCB = polychlorinated biphenyl
TEQDF,M = Toxicity equivalent for dioxins and furans calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQDFP,M = Toxicity equivalent for dioxins, furans and polychlorinated biphenyls calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

USEPA = U.S. Environmental Protection Agency
ww = wet weight
-- = Not applicable, no detected value

a - Mean and median calculations include detected and nondetected values. Nondetected values were set at one-half the detection limit.

TEQP,M - Toxicity equivalent for polychlorinated biphenyls calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.  Data for individual congeners are presented in Appendix B.

b -  Total PCBs were calculated using all 209 PCB congeners with non-detects set at one-half the detection limit.

Upstream Background

Table 5-17
Summary Statistics for  Dioxins, Furans, PCBs, and Mercury in Edible Common Rangia (Clam) Tissue from FCAs within USEPA's Preliminary Site Perimeter and Upstream Background

FCA1 FCA2 FCA3
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Detection 
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Detection 
Frequency
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Detection 
Frequency
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Detected 

Value
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Detected 

Value Mean a Median a
Detection 
Frequency

Minimum 
Detected 

Value

Maximum 
Detected 

Value Mean a Median a

Gulf Killifish - Whole
Dioxins and Furans (ng/kg ww)

2,3,7,8-TCDD 0/2 -- -- 0.0761 0.0761 3/6 0.808 9.53 2.48 0.504 0/2 -- -- 0.217 0.217 0/8 -- -- 0.0685 0.0544
1,2,3,7,8-PeCDD 0/2 -- -- 0.0101 0.0101 0/6 -- -- 0.0132 0.0138 0/2 -- -- 0.0703 0.0703 0/8 -- -- 0.0247 0.0169
1,2,3,4,7,8-HxCDD 0/2 -- -- 0.012 0.0119 0/6 -- -- 0.0138 0.0121 0/2 -- -- 0.0324 0.0324 0/8 -- -- 0.0205 0.0182
1,2,3,6,7,8-HxCDD 0/2 -- -- 0.0134 0.0133 0/6 -- -- 0.0155 0.0137 0/2 -- -- 0.0431 0.0431 0/8 -- -- 0.0254 0.0209
1,2,3,7,8,9-HxCDD 0/2 -- -- 0.0123 0.0123 0/6 -- -- 0.0142 0.0125 0/2 -- -- 0.0351 0.0351 0/8 -- -- 0.0218 0.0191
1,2,3,4,6,7,8-HpCDD 0/2 -- -- 0.0218 0.0218 4/6 0.0868 0.147 0.0964 0.0916 2/2 0.429 0.663 0.546 0.546 6/8 0.114 0.381 0.200 0.220
OCDD 0/2 -- -- 0.195 0.195 1/6 1.43 1.43 0.569 0.431 2/2 4.15 4.30 4.23 4.23 4/8 1.53 4.55 2.22 1.50
2,3,7,8-TCDF 0/2 -- -- 0.0369 0.0369 4/6 0.618 4.46 1.69 1.19 2/2 0.505 0.850 0.678 0.678 2/8 0.304 0.444 0.132 0.0873
1,2,3,7,8-PeCDF 0/2 -- -- 0.0154 0.0154 0/6 -- -- 0.0156 0.0115 0/2 -- -- 0.0454 0.0454 0/8 -- -- 0.0205 0.0184
2,3,4,7,8-PeCDF 0/2 -- -- 0.0152 0.0152 1/6 0.188 0.188 0.0787 0.0131 0/2 -- -- 0.0461 0.0461 0/8 -- -- 0.0201 0.018
1,2,3,4,7,8-HxCDF 0/2 -- -- 0.0079 0.00793 1/6 0.266 0.266 0.057 0.0101 0/2 -- -- 0.036 0.036 0/8 -- -- 0.0162 0.0115
1,2,3,6,7,8-HxCDF 0/2 -- -- 0.0074 0.0074 1/6 0.0695 0.0695 0.0191 0.0095 0/2 -- -- 0.0346 0.0346 0/8 -- -- 0.0157 0.0109
1,2,3,7,8,9-HxCDF 0/2 -- -- 0.0085 0.0085 0/6 -- -- 0.0097 0.00955 0/2 -- -- 0.0492 0.0492 0/8 -- -- 0.0203 0.0124
2,3,4,6,7,8-HxCDF 0/2 -- -- 0.0078 0.00783 0/6 -- -- 0.009 0.00858 0/2 -- -- 0.0394 0.0394 0/8 -- -- 0.0172 0.0114
1,2,3,4,6,7,8-HpCDF 0/2 -- -- 0.0126 0.0126 0/6 -- -- 0.015 0.0139 0/2 -- -- 0.0423 0.0423 1/8 0.0621 0.0621 0.0282 0.0207
1,2,3,4,7,8,9-HpCDF 0/2 -- -- 0.0153 0.0153 0/6 -- -- 0.0184 0.0165 0/2 -- -- 0.054 0.054 0/8 -- -- 0.0285 0.025
OCDF 0/2 -- -- 0.014 0.014 0/6 -- -- 0.0153 0.0163 0/2 -- -- 0.0765 0.0768 1/8 0.341 0.341 0.0763 0.0314
TEQDF,M 0/2 -- -- 0.102 0.102 5/6 0.034 10.1 2.70 0.647 2/2 0.379 0.430 0.404 0.404 7/8 0.0373 0.307 0.13 0.105
TEQDFP,M 2/2 0.390 0.865 0.627 0.627 6/6 0.264 13.0 3.96 1.40 2/2 0.725 1.10 0.914 0.914 8/8 0.165 0.918 0.424 0.323
TEQP,M 2/2 0.318 0.732 0.525 0.525 6/6 0.230 2.92 1.26 0.755 2/2 0.346 0.674 0.510 0.510 8/8 0.103 0.653 0.295 0.201

Polychlorinated Biphenyls (µg/kg ww)
Total PCBsb 2/2 32.7 39.7 36.2 36.2 6/6 18.6 191 82.6 38.1 2/2 28.4 51.9 40.2 40.2 8/8 10.2 14.6 12 11.9

Metals (mg/kg ww)
Mercury 2/2 0.0231 0.0328 0.028 0.028 6/6 0.0221 0.09 0.0501 0.0384 2/2 0.0568 0.0762 0.0665 0.0665 8/8 0.0225 0.0694 0.0393 0.0314

Notes
-- = Not applicable, no detected values
FCA = fish collection area
PCB = polychlorinated biphenyl
TEQDF,M = Toxicity equivalent for dioxins and furans calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
TEQDFP,M = Toxicity equivalent for dioxins, furans and polychlorinated biphenyls calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

USEPA = U.S. Environmental Protection Agency
ww = wet weight

a - Mean and median calculations include detected and nondetected values. Nondetected values were set at one-half the detection limit.
b -  Total PCBs were calculated using all 209 PCB congeners with non-detects set at one-half the detection limit.

TEQP,M - Toxicity equivalent for polychlorinated biphenyls calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.  Data for individual congeners are presented in Appendix B.

Upstream Background

Table 5-18
Summary Statistics for Dioxins, Furans, PCBs, and Mercury in Whole Gulf Killifish Tissue from FCAs within USEPA's Preliminary Site Perimeter and Upstream Background

FCA1 FCA2 FCA3
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Sampling Location Sampler Type Northing a Easting
SJCP001 SPME with duplicate 13857780.21 3216901.53
SJCP002 SPME 13857838.69 3216917.73
SJCP003 SPME 13857901.71 3216983.17
SJCP004 SPME 13857934.42 3217168.60
SJCP005 SPME with surface water sampler 13857804.43 3217344.48
SJCP006 SPME 13857725.14 3217213.14
SJCP007 SPME 13857665.34 3217430.25
SJCP008 SPME with surface water sampler 13857526.63 3217245.24
SJCP009 SPME with duplicate 13857491.22 3217460.24
SJCP010 SPME 13857312.91 3217399.63
SJCP011 SPME 13857281.18 3217167.82
SJCP012 SPME 13857163.54 3217315.54
SJCP013 SPME 13857175.07 3217141.57
SJCP014 SPME 13857092.81 3217331.54
SJCPR1 (Interim PRC Sampler) PRC 13857308.94 3217085.02
SJCPR2 (Interim PRC Sampler) PRC 13857308.94 3217085.02
SJCR001 PRC with surface water sampler 13857840.37 3216948.94
SJCR002 PRC 13857750.26 3217524.96
SJCR003 PRC 13857456.57 3217192.65
SJCR004 PRC 13857269.30 3217314.90

Notes
a - Horizontal Datum: NAD1983_StatePlane, Texas South Central, FIPS 4204, US feet

PRC = performance reference compounds
SPME = solid-phase microextraction 
TCRA = time critical removal action

Table 5-19
TCRA Cap Porewater Sampling Station Summary
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Sampling Location Sample Code Sampler Type   Depth Interval (inches)
SJCP001 SJCP-001-SP-1-A-DUP SPME with duplicate 1-3 RS N/A RS N/A N/A N/A
SJCP001 SJCP-001-SP-1-B-DUP SPME with duplicate 4-6 <2.1 UJ RS N/A N/A N/A
SJCP001 SJCP-001-SP-1-C-DUP SPME with duplicate 7-9 <1.3 UJ <1.76 UJ N/A N/A
SJCP001 SJCP-001-SP-1-A SPME 1-3 <1.81 UJ RS N/A N/A N/A
SJCP001 SJCP-001-SP-1-B SPME 4-6 <1.26 UJ RS N/A N/A N/A
SJCP001 SJCP-001-SP-1-C SPME 7-9 <0.212 U 2.66 U N/A N/A
SJCP002 SJCP-002-SP-1-A SPME 1-3 <1.14 UJ RS N/A N/A N/A
SJCP002 SJCP-002-SP-1-B SPME 4-6 <0.54 U <1.98 UJ N/A N/A
SJCP002 SJCP-002-SP-1-C SPME 7-9 <1.43 UJ RS N/A N/A N/A
SJCP003 SJCP-003-SP-1-A SPME 1-3 <0.351 U <0.276 U N/A N/A
SJCP003 SJCP-003-SP-1-B SPME 4-6 <0.326 U <0.294 U N/A N/A
SJCP003 SJCP-003-SP-1-C SPME 7-9 <1.03 UJ <1.4 UJ N/A N/A
SJCP004 SJCP-004-SP-1-A SPME 1-3 <0.66 U <0.67 U N/A N/A
SJCP004 SJCP-004-SP-1-B SPME 4-6 <0.62 U <0.605 U N/A N/A
SJCP004 SJCP-004-SP-1-C SPME 7-9 <0.366 U <0.266 U N/A N/A
SJCP005 SJCP-005-SP-1-A-W SPME with surface water 5-7 <1.71 UJ <1.88 UJ N/A N/A
SJCP005 SJCP-005-SP-1-A SPME 1-3 RS N/A RS N/A N/A N/A
SJCP005 SJCP-005-SP-1-B SPME 9-11 <1.12 UJ <1.12 UJ N/A N/A
SJCP005 SJCP-005-SP-1-C SPME 17-19 RS N/A RS N/A N/A N/A
SJCP006 SJCP-006-SP-1-A SPME 1-3 <1.3 UJ <1.54 UJ N/A N/A
SJCP006 SJCP-006-SP-1-B SPME 5.3-7.3 <1.99 UJ RS N/A N/A N/A
SJCP006 SJCP-006-SP-1-C SPME 9.5-11.5 RS N/A RS N/A N/A N/A
SJCP007 SJCP-007-SP-1-A SPME 1-3 <0.411 U <0.374 U N/A N/A
SJCP007 SJCP-007-SP-1-B SPME 10-12 <0.214 U <0.2 U N/A N/A
SJCP007 SJCP-007-SP-1-C SPME 19-21 <0.324 U <0.214 U N/A N/A
SJCP008 SJCP-008-SP-1-A-W SPME with surface water 5-7 <0.285 U <0.269 U N/A N/A
SJCP008 SJCP-008-SP-1-A SPME 1-3 <0.321 U 6.26 J N/A N/A
SJCP008 SJCP-008-SP-1-B SPME 10-12 <1.57 U 11.8 J N/A N/A
SJCP008 SJCP-008-SP-1-C SPME 19-21 <0.755 UJ 13.2 J N/A N/A
SJCP009 SJCP-009-SP-1-A SPME 1-3 <0.515 U <0.439 U N/A N/A
SJCP009 SJCP-009-SP-1-B SPME 10-12 <0.301 U <0.287 U N/A N/A
SJCP009 SJCP-009-SP-1-C SPME 19-21 <0.3 U <0.404 U N/A N/A
SJCP009 SJCP-009-SP-1-A-DUP SPME with duplicate 1-3 <0.29 U <0.148 U N/A N/A
SJCP009 SJCP-009-SP-1-B-DUP SPME with duplicate 10-12 <0.348 U <0.317 U N/A N/A
SJCP009 SJCP-009-SP-1-C-DUP SPME with duplicate 19-21 <0.344 U <0.218 U N/A N/A
SJCP010 SJCP-010-SP-1-A SPME 1-3 <0.36 U <0.318 U N/A N/A
SJCP010 SJCP-010-SP-1-B SPME 10-12 <0.402 U <0.348 U N/A N/A
SJCP010 SJCP-010-SP-1-C SPME 19-21 <0.352 U <0.296 U N/A N/A
SJCP011 SJCP-0011-SP-1-A SPME 1-3 <1.14 UJ RS N/A N/A

2,3,7,8 TCDD (pg) 13C-2,3,7,8-TCDD (pg)2,3,7,8 TCDF (pg) 13C-2,3,7,8-TCDF (pg)

Table 5-20

TCRA Cap Porewater Sampling Analytical Results
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Sampling Location Sample Code Sampler Type   Depth Interval (inches) 2,3,7,8 TCDD (pg) 13C-2,3,7,8-TCDD (pg)2,3,7,8 TCDF (pg) 13C-2,3,7,8-TCDF (pg)

Table 5-20

TCRA Cap Porewater Sampling Analytical Results

SJCP011 SJCP-0011-SP-1-B SPME 4.5-6.5 <0.79 UJ <0.69 UJ N/A N/A
SJCP011 SJCP-0011-SP-1-C SPME 8-10 <0.885 UJ <0.93 UJ N/A N/A
SJCP012 SJCP-012-SP-1-A SPME 1-3 <0.395 U <0.29 U N/A N/A
SJCP012 SJCP-012-SP-1-B SPME 7-9 <0.31 U <0.203 U N/A N/A
SJCP012 SJCP-012-SP-1-C SPME 13-15 <0.207 U <1.2 U N/A N/A
SJCP013 SJCP-013-SP-1-A SPME 1-3 <0.915 UJ <1 UJ N/A N/A
SJCP013 SJCP-013-SP-1-B SPME 10-12 RS N/A RS N/A N/A N/A
SJCP013 SJCP-013-SP-1-C SPME 19-21 <0.93 UJ <0.65 UJ N/A N/A
SJCP014 SJCP-014-SP-1-A SPME 1-3 <0.257 U <0.204 U N/A N/A
SJCP014 SJCP-014-SP-1-B SPME 8.5-10.5 <0.26 U <0.147 U N/A N/A
SJCP014 SJCP-014-SP-1-C SPME 16-18 <0.28 U 0.179 U N/A N/A
SJCR001 SJCR-001-SP-2-A PRC with surface water 5-7 N/A N/A 0 UJ 3.70 J
SJCR001 SJCR-001-SP-2-A PRC 1-3 N/A N/A 143.9 119.1
SJCR001 SJCR-001-SP-2-B PRC 4-6 N/A N/A 86.8 65.2
SJCR001 SJCR-001-SP-2-C PRC 7-9 N/A N/A 94.5 76.4
SJCR002 SJCR-002-SP-2-A PRC 1-3 N/A N/A 50.4 J 16.6 J
SJCR002 SJCR-002-SP-2-B PRC 8-10 N/A N/A 137.8 126.9
SJCR002 SJCR-002-SP-2-C PRC 15-17 N/A N/A 56.1 34.8
SJCR003 SJCR-003-SP-2-A PRC 1-3 N/A N/A 33.9 J 12.5 J
SJCR003 SJCR-003-SP-2-B PRC 5.5-7.5 N/A N/A 57.8 40.7
SJCR003 SJCR-003-SP-2-C PRC 10-12 N/A N/A 66.6 50.3
SJCR004 SJCR-004-SP-2-A PRC 1-3 N/A N/A 87.0 87.5
SJCR004 SJCR-004-SP-2-B PRC 7.2-9.2 N/A N/A 56.2 36.3
SJCR004 SJCR-004-SP-2-C PRC 13.5-15.5 N/A N/A 51.0 J 28.1 J

Notes
Bold text  = above PQL/MDL

J = Estimated value
MDL = method detection limit
N/A = not applicable
PRC = performance reference compounds
PQL = practical quantitation limit
RS = rejected due to very low surrogate recoveries (<10%)
SPME = solid-phase microextraction 
TCRA = time critical removal action
U = Compound analyzed, but not detected above detection limit
UJ = Compound analyzed, but not detected above estimated detection limit
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Analyte log Kow log KP-W
a log KP-W

b

2,3,7,8-TCDD 6.96 6.6788 6.28
2,3,7,8-TCDF 6.46 6.1638 6.16

Notes:

PCB = polychlorinated biphenyl

a - A correlation of log KP-W with log Kow based on PCB data from several literature, log 

b - Log KP-W estimated from the log KPOM-w on dioxins and the correlation of log KPOM-w

     KP-W=1.03*log Kow-0.49 (Hsieh et al. 2011)

      and log KP-W for PAHs (Cornelissen et al. 2010)

Table 5-21
Summary of log Kow and KP-W Estimates for 2,3,7,8-TCDD and 2,3,7,8-TCDF



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 1 May 2013

Analyte EM1 EM2
2,3,7,8-TCDD 0.00513 0.202
1,2,3,7,8-PeCDD 6.72x10-5 0.00153
1,2,3,4,7,8-HxCDD 5.01x10-5 2.45x10-5

1,2,3,6,7,8-HxCDD 2.59x10-4 1.20x10-4

1,2,3,7,8,9-HxCDD 1.68x10-4 5.50x10-5

1,2,3,4,6,7,8-HpCDD 0.0120 0.00208
OCDD 0.963 0.00176
2,3,7,8-TCDF 0.00203 0.705
1,2,3,7,8-PeCDF 0.00193 0.0197
2,3,4,7,8-PeCDF 8.54x10-4 0.0118
1,2,3,4,7,8-HxCDF 0.00320 0.0311
1,2,3,6,7,8-HxCDF 7.21x10-4 0.00717
1,2,3,7,8,9-HxCDF 3.67x10-5 3.80x10-4

2,3,4,6,7,8-HxCDF 1.65x10-4 9.93x10-4

1,2,3,4,6,7,8-HpCDF 0.00195 0.00844
1,2,3,4,7,8,9-HpCDF 3.36x10-4 0.00305
OCDF 0.00849 0.00462

Notes
EM = end member
TxDOT = Texas Department of Transportation

Table 5-22

Dioxin and Furan Composition of the Two End Members from 
the Unmixing Analysis of all Baseline Sediment, and Soil 

Samples Collected from the TxDOT Right-of-Way and North 
of I-10



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 1 May 2013

Sample Location ID (depth) EM1 EM2 Residual
SAMPLE 01-East(0-60.96 cm) 0.974 0.023 0.003 16.5 J
SAMPLE 01-East(457.2-518.16 cm) 0.925 0.071 0.004 133 J
SAMPLE 02-Center(0-60.96 cm) 0.975 0.023 0.002 29.7 J
SAMPLE 02-Center(457.2-518.16 cm) 0.96 0.037 0.003 69.6 J
SAMPLE 03-West(0-60.96 cm) 0.944 0.054 0.003 74.6 J
SAMPLE 03-West(457.2-518.16 cm) 0.998 0 0.002 2.40 J
SJA1(0-15 cm) 0.07 0.906 0.024 9,420 J
SJA2(0-15 cm) 0.113 0.819 0.068 6,120 J
SJA3(0-15 cm) 0.77 0.229 0.002 49.3 J
SJA4(0-10 cm) 0.804 0.195 0.001 86.2 J
SJA5(0-10 cm) 0.859 0.14 0.002 51.0 J
SJB1(0-15 cm) 0.075 0.902 0.023 20,400 J
SJB2(0-15 cm) 0.645 0.353 0.002 383 J
SJB3(0-15 cm) 0.857 0.141 0.002 92.4 J
SJB4(0-15 cm) 0.83 0.169 0.002 43.3 J
SJB5(0-15 cm) 0.944 0.054 0.002 20.2 J
SJBSS001(0-15.24 cm) 0.997 0 0.003 0.679 J
SJBSS001(15.24-30.48 cm) 0.997 0 0.003 0.463 J
SJBSS002(0-15.24 cm) 0.997 0 0.003 0.740 J
SJBSS002(15.24-30.48 cm) 0.994 0 0.006 0.105 J
SJBSS003(0-15.24 cm) 0.997 0 0.003 6.48 J
SJBSS003(15.24-30.48 cm) 0.997 0 0.003 0.327 J
SJBSS004(0-15.24 cm) 0.997 0 0.003 2.17 J
SJBSS004(15.24-30.48 cm) 0.997 0 0.003 1.44 J
SJBSS005(0-15.24 cm) 0.997 0 0.003 1.82 J
SJBSS005(15.24-30.48 cm) 0.997 0 0.003 2.21 J
SJBSS006(0-15.24 cm) 0.997 0 0.003 3.76 J
SJBSS006(15.24-30.48 cm) 0.997 0 0.003 1.64 J
SJBSS007(0-15.24 cm) 0.997 0 0.003 6.49 J
SJBSS007(15.24-30.48 cm) 0.99 0 0.01 15.7 J
SJBSS008(0-15.24 cm) 0.997 0 0.003 3.35 J
SJBSS008(15.24-30.48 cm) 0.997 0 0.003 3.35 J
SJBSS009(0-15.24 cm) 0.996 0 0.004 1.74 J
SJBSS009(15.24-30.48 cm) 0.997 0 0.003 0.392 J
SJBSS010(0-15.24 cm) 0.997 0 0.003 6.55 J
SJBSS010(15.24-30.48 cm) 0.995 0 0.005 4.59 J
SJBSS011(0-15.24 cm) 0.997 0 0.003 1.26 J
SJBSS011(15.24-30.48 cm) 0.997 0 0.003 0.657 J
SJBSS012(0-15.24 cm) 0.997 0 0.003 0.561 J
SJBSS012(15.24-30.48 cm) 0.997 0 0.003 0.372 J
SJBSS013(0-15.24 cm) 0.997 0 0.003 0.418 J
SJBSS013(15.24-30.48 cm) 0.997 0 0.003 0.622 J

Fractional Contributions of the Two End Members to Each Baseline Sediment Sample, and Each Soil 
Sample Collected from the TxDOT Right-of-Way and North of I-10

Table 5-23

TEQDF,M (ng/kg)
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Sample Location ID (depth) EM1 EM2 Residual

Fractional Contributions of the Two End Members to Each Baseline Sediment Sample, and Each Soil 
Sample Collected from the TxDOT Right-of-Way and North of I-10

Table 5-23

TEQDF,M (ng/kg)
SJBSS014(0-15.24 cm) 0.997 0 0.003 0.682 J
SJBSS014(15.24-30.48 cm) 0.997 0 0.003 0.572 J
SJBSS015(0-15.24 cm) 0.997 0 0.003 0.477 J
SJBSS015(15.24-30.48 cm) 0.997 0 0.003 0.646 J
SJBSS016(0-15.24 cm) 0.997 0 0.003 0.410 J
SJBSS016(15.24-30.48 cm) 0.997 0 0.003 0.234 J
SJBSS017(0-15.24 cm) 0.997 0 0.003 0.401 J
SJBSS017(15.24-30.48 cm) 0.997 0 0.003 0.301 J
SJBSS018(0-15.24 cm) 0.997 0 0.003 0.815 J
SJBSS018(15.24-30.48 cm) 0.997 0 0.003 0.419 J
SJBSS019(0-15.24 cm) 0.997 0 0.003 23.1 J
SJBSS019(15.24-30.48 cm) 0.997 0 0.003 0.507 J
SJBSS020(0-15.24 cm) 0.997 0 0.003 0.531 J
SJBSS020(15.24-30.48 cm) 0.998 0 0.002 0.422 J
SJC1(0-15 cm) 0.026 0.969 0.005 13,800 J
SJC2(0-15 cm) 0.973 0.025 0.003 8.20 J
SJC3(0-15 cm) 0.962 0.036 0.002 9.67 J
SJC4(0-15 cm) 0.957 0.04 0.003 18.4 J
SJC5(0-15 cm) 0.972 0.025 0.003 14.6 J
SJCB001(0-17 cm) 0.997 0 0.003 1.41 J
SJCB002(0-17 cm) 0.998 0 0.002 0.971 J
SJCB003(0-22 cm) 0.997 0 0.003 1.45 J
SJD1(0-15 cm) 0.391 0.606 0.003 757 J
SJD2(0-15 cm) 0.956 0.042 0.002 20.6 J
SJD3(0-15 cm) 0.946 0.053 0.001 42.8 J
SJD4(0-15 cm) 0.952 0.045 0.003 18.4 J
SJD5(0-15 cm) 0.967 0.031 0.002 20.5 J
SJE1(0-15 cm) 0.114 0.884 0.002 1,420 J
SJE2(0-15 cm) 0.324 0.67 0.006 510 J
SJE3(0-15 cm) 0.845 0.151 0.004 24.0 J
SJE4(0-15 cm) 0.995 0 0.005 5.31 J
SJE5(0-15 cm) 0.998 0 0.002 2.65 J
SJGB001(0-15.24 cm) 0.254 0.745 0.001 620 J
SJGB001(15.24-30.48 cm) 0.026 0.97 0.004 2,670 J
SJGB004(0-15.24 cm) 0.968 0.029 0.003 12.8 J
SJGB005(0-15.24 cm) 0.946 0.051 0.003 10.2 J
SJGB006(0-15.24 cm) 0.033 0.95 0.017 2,190 J
SJGB006(15.24-30.48 cm) 0.023 0.957 0.021 10,400 J
SJGB007(0-15.24 cm) 0.176 0.795 0.029 825 J
SJGB008(0-15.24 cm) 0.228 0.747 0.025 181 J
SJGB009(0-15.24 cm) 0.071 0.894 0.034 11,200 J
SJGB009(15.24-30.48 cm) 0.044 0.935 0.02 13,700 J
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Sample Location ID (depth) EM1 EM2 Residual

Fractional Contributions of the Two End Members to Each Baseline Sediment Sample, and Each Soil 
Sample Collected from the TxDOT Right-of-Way and North of I-10

Table 5-23

TEQDF,M (ng/kg)
SJGB010(0-15.24 cm) 0.054 0.941 0.005 6,410 J
SJGB010(0-60.96 cm) 0.095 0.887 0.018 4,720 J
SJGB010(121.92-182.88 cm) 0.051 0.911 0.038 6,350 J
SJGB010(15.24-30.48 cm) 0.067 0.927 0.006 16,200 J
SJGB010(182.88-219.456 cm) 0.115 0.811 0.075 194 J
SJGB010(60.96-121.92 cm) 0.029 0.963 0.008 26,900 J
SJGB011(0-15.24 cm) 0.044 0.952 0.004 5,700 J
SJGB011(0-60.96 cm) 0.041 0.899 0.059 12,700 J
SJGB011(121.92-182.88 cm) 0.043 0.898 0.059 9,430 J
SJGB011(15.24-30.48 cm) 0.017 0.974 0.009 9,050 J
SJGB011(182.88-243.84 cm) 0.053 0.903 0.044 14,800 J
SJGB011(243.84-304.8 cm) 0.045 0.922 0.033 8,710 J
SJGB011(304.8-350.52 cm) 0.966 0.031 0.003 3.37 J
SJGB011(60.96-121.92 cm) 0.007 0.979 0.014 22,200 J
SJGB012(0-15.24 cm) 0.481 0.515 0.004 193 J
SJGB012(0-60.96 cm) 0.082 0.903 0.016 4,050 J
SJGB012(121.92-182.88 cm) 0.046 0.936 0.018 24,400 J
SJGB012(15.24-30.48 cm) 0.083 0.912 0.006 6,620 J
SJGB012(182.88-243.84 cm) 0.047 0.93 0.024 17,700 J
SJGB012(60.96-121.92 cm) 0.042 0.948 0.01 25,100 J
SJGB013(0-60.96 cm) 0.163 0.766 0.071 5,100 J
SJGB013(121.92-182.88 cm) 0.229 0.737 0.034 338 J
SJGB013(182.88-243.84 cm) 0.429 0.569 0.002 104 J
SJGB013(243.84-304.8 cm) 0.402 0.581 0.017 25.2 J
SJGB013(60.96-121.92 cm) 0.122 0.871 0.007 1,740 J
SJGB014(0-60.96 cm) 0 0.982 0.018 31,600 J
SJGB014(121.92-182.88 cm) 0.202 0.784 0.013 531 J
SJGB014(182.88-243.84 cm) 0.162 0.826 0.012 213 J
SJGB014(243.84-304.8 cm) 0.939 0.058 0.003 18.6 J
SJGB014(304.8-365.76 cm) 0.975 0.021 0.004 1.29 J
SJGB014(60.96-121.92 cm) 0.491 0.505 0.004 210 J
SJGB015(0-60.96 cm) 0.998 0 0.002 1.22 J
SJGB015(121.92-182.88 cm) 0.997 0 0.003 1.48 J
SJGB015(182.88-243.84 cm) 0.997 0 0.003 1.51 J
SJGB015(243.84-304.8 cm) 0.995 0 0.005 0.850 J
SJGB015(60.96-121.92 cm) 0.997 0 0.003 0.640 J
SJGB016(0-60.96 cm) 0.061 0.907 0.032 3,520 J
SJGB016(121.92-182.88 cm) 0.995 0 0.005 0.464 J
SJGB016(182.88-243.84 cm) 0.998 0 0.002 2.33 J
SJGB016(243.84-304.8 cm) 0.976 0.022 0.002 6.15 J
SJGB016(60.96-121.92 cm) 0.578 0.398 0.024 75.3 J
SJGB017(0-60.96 cm) 0.998 0 0.002 1.95 J
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Sample Location ID (depth) EM1 EM2 Residual

Fractional Contributions of the Two End Members to Each Baseline Sediment Sample, and Each Soil 
Sample Collected from the TxDOT Right-of-Way and North of I-10

Table 5-23

TEQDF,M (ng/kg)
SJGB017(121.92-182.88 cm) 0.997 0 0.003 0.909 J
SJGB017(182.88-243.84 cm) 0.997 0 0.003 0.853 J
SJGB017(243.84-304.8 cm) 0.998 0 0.002 0.177 J
SJGB017(60.96-121.92 cm) 0.997 0 0.003 1.46 J
SJMWS01(0-15.24 cm) 0.446 0.554 0 54.4 J
SJMWS01(15.24-30.48 cm) 0.479 0.519 0.002 105 J
SJMWS02(0-15.24 cm) 0.97 0.026 0.004 1.02 J
SJMWS02(15.24-30.48 cm) 0.907 0.089 0.004 5.21 J
SJMWS03(0-15.24 cm) 0.558 0.435 0.007 153 J
SJMWS03(15.24-30.48 cm) 0.549 0.438 0.013 321 J
SJNE001(0-15.24 cm) 0.963 0.033 0.004 3.87 J
SJNE002(0-15.24 cm) 0.913 0.076 0.011 0.343 J
SJNE003(0-15.24 cm) 0.959 0.038 0.003 1.90 J
SJNE004(0-15.24 cm) 0.972 0.025 0.004 6.12 J
SJNE005(0-15.24 cm) 0.982 0.014 0.004 2.24 J
SJNE006(0-15.24 cm) 0.877 0.118 0.005 52.6 J
SJNE007_Core(0-30.48 cm) 0.958 0.038 0.005 2.92 J
SJNE007_Core(121.92-152.4 cm) 0.898 0.091 0.011 39.1 J
SJNE007_Core(152.4-182.88 cm) 0.926 0.068 0.007 3.53 J
SJNE007_Core(182.88-213.36 cm) 0.985 0.011 0.004 16.2 J
SJNE007_Core(213.36-243.84 cm) 0.998 0 0.002 3.54 J
SJNE007_Core(243.84-274.32 cm) 0.998 0 0.002 1.32 J
SJNE007_Core(30.48-60.96 cm) 0.932 0.051 0.017 9.94 J
SJNE007_Core(60.96-91.44 cm) 0.962 0.032 0.006 6.86 J
SJNE007_Core(91.44-121.92 cm) 0.877 0.103 0.02 51.1 J
SJNE007_Grab(0-15.24 cm) 0.716 0.278 0.005 49.3 J
SJNE008(0-15.24 cm) 0.89 0.106 0.004 50.9 J
SJNE008(0-30.48 cm) 0.975 0.021 0.004 1.11 J
SJNE008(30.48-60.96 cm) 0.998 0 0.002 0.790 J
SJNE008(60.96-91.44 cm) 0.998 0 0.002 1.09 J
SJNE008(91.44-121.92 cm) 0.997 0 0.003 0.341 J
SJNE009(0-15.24 cm) 0.971 0.026 0.003 1.26 J
SJNE010(0-15.24 cm) 0.928 0.069 0.004 19.7 J
SJNE011(0-15.24 cm) 0.957 0.039 0.004 16.2 J
SJNE012_Core(0-30.48 cm) 0.982 0.015 0.003 6.08 J
SJNE012_Core(30.48-60.96 cm) 0.999 0 0.001 7.41 J
SJNE012_Core(60.96-91.44 cm) 0.997 0 0.003 1.31 J
SJNE012_Grab(0-15.24 cm) 0.978 0.019 0.003 1.68 J
SJNE013(0-15.24 cm) 0.968 0.027 0.005 0.799 J
SJNE014(0-15.24 cm) 0.952 0.043 0.005 4.21 J
SJNE015(0-15.24 cm) 0.988 0.009 0.003 3.93 J
SJNE016(0-15.24 cm) 0.966 0.031 0.003 4.40 J
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Sample Location ID (depth) EM1 EM2 Residual

Fractional Contributions of the Two End Members to Each Baseline Sediment Sample, and Each Soil 
Sample Collected from the TxDOT Right-of-Way and North of I-10

Table 5-23

TEQDF,M (ng/kg)
SJNE017(0-15.24 cm) 0.914 0.081 0.005 15.5 J
SJNE018(0-15.24 cm) 0.961 0.037 0.002 4.50 J
SJNE019(0-15.24 cm) 0.965 0.033 0.002 6.87 J
SJNE020(0-15.24 cm) 0.961 0.036 0.004 18.6 J
SJNE021(0-15.24 cm) 0.971 0.025 0.004 7.59 J
SJNE022-1(0-15.24 cm) 0.041 0.954 0.005 177 J
SJNE022-2(0-15.24 cm) 0.085 0.905 0.01 2,170 J
SJNE022-3(0-15.24 cm) 0.044 0.921 0.034 2,280 J
SJNE023(0-15.24 cm) 0.932 0.065 0.003 13.4 J
SJNE023(0-30.48 cm) 0.998 0 0.002 0.787 J
SJNE023(121.92-152.4 cm) 0.997 0 0.003 1.54 J
SJNE023(152.4-182.88 cm) 0.997 0 0.003 0.392 J
SJNE023(182.88-213.36 cm) 0.997 0 0.003 0.989 J
SJNE023(213.36-243.84 cm) 0.997 0 0.003 1.94 J
SJNE023(30.48-60.96 cm) 0.998 0 0.002 0.434 J
SJNE023(60.96-91.44 cm) 0.997 0 0.003 0.246 J
SJNE023(91.44-121.92 cm) 0.997 0 0.003 0.559 J
SJNE024(0-15.24 cm) 0.976 0.02 0.004 0.550 J
SJNE025(0-15.24 cm) 0.967 0.03 0.003 23.5 J
SJNE026_Core(0-30.48 cm) 0.799 0.196 0.004 71.1 J
SJNE026_Core(121.92-152.4 cm) 0.916 0.082 0.003 7.60 J
SJNE026_Core(152.4-182.88 cm) 0.904 0.094 0.002 9.36 J
SJNE026_Core(182.88-213.36 cm) 0.978 0.018 0.004 0.453 J
SJNE026_Core(30.48-60.96 cm) 0.785 0.211 0.004 48.5 J
SJNE026_Core(60.96-91.44 cm) 0.84 0.156 0.003 34.8 J
SJNE026_Core(91.44-121.92 cm) 0.911 0.086 0.003 12.9 J
SJNE026_Grab(0-15.24 cm) 0.897 0.096 0.007 2.27 J
SJNE027(0-15.24 cm) 0.833 0.165 0.003 14.1 J
SJNE028(0-15.24 cm) 0.963 0.035 0.002 5.70 J
SJNE028(0-30.48 cm) 0.996 0 0.004 0.367 J
SJNE028(121.92-152.4 cm) 0.997 0 0.003 0.162 J
SJNE028(152.4-182.88 cm) 0.997 0 0.003 0.449 J
SJNE028(182.88-213.36 cm) 0.997 0 0.003 0.160 J
SJNE028(213.36-243.84 cm) 0.997 0 0.003 0.365 J
SJNE028(30.48-60.96 cm) 0.997 0 0.003 0.430 J
SJNE028(60.96-91.44 cm) 0.997 0 0.003 0.260 J
SJNE028(91.44-121.92 cm) 0.996 0 0.004 0.144 J
SJNE029_Core(0-30.48 cm) 0.997 0 0.003 0.503 J
SJNE029_Core(121.92-152.4 cm) 0.997 0 0.003 0.185 J
SJNE029_Core(152.4-182.88 cm) 0.998 0 0.002 0.176 J
SJNE029_Core(182.88-213.36 cm) 0.997 0 0.003 0.160 J
SJNE029_Core(213.36-243.84 cm) 0.997 0 0.003 0.438 J
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Sample Location ID (depth) EM1 EM2 Residual

Fractional Contributions of the Two End Members to Each Baseline Sediment Sample, and Each Soil 
Sample Collected from the TxDOT Right-of-Way and North of I-10

Table 5-23

TEQDF,M (ng/kg)
SJNE029_Core(243.84-274.32 cm) 0.997 0 0.003 0.661 J
SJNE029_Core(30.48-60.96 cm) 0.997 0 0.003 0.598 J
SJNE029_Core(60.96-91.44 cm) 0.997 0 0.003 0.379 J
SJNE029_Core(91.44-121.92 cm) 0.997 0 0.003 0.149 J
SJNE029_Grab(0-15.24 cm) 0.985 0.013 0.002 2.90 J
SJNE030_Core(0-30.48 cm) 0.998 0 0.002 0.683 J
SJNE030_Core(121.92-152.4 cm) 0.995 0 0.005 0.0593 J
SJNE030_Core(30.48-60.96 cm) 0.998 0 0.002 0.243 J
SJNE030_Core(60.96-91.44 cm) 0.997 0 0.003 0.369 J
SJNE030_Core(91.44-121.92 cm) 0.997 0 0.003 0.427 J
SJNE030_Grab(0-15.24 cm) 0.996 0 0.004 0.916 J
SJNE031(0-15.24 cm) 0.969 0.027 0.005 1.75 J
SJNE032_Core(0-30.48 cm) 0.452 0.539 0.01 198 J
SJNE032_Core(121.92-152.4 cm) 0.292 0.705 0.003 79.5 J
SJNE032_Core(152.4-182.88 cm) 0.117 0.864 0.019 339 J
SJNE032_Core(182.88-213.36 cm) 0.946 0.052 0.002 7.81 J
SJNE032_Core(213.36-243.84 cm) 0.974 0.023 0.003 4.06 J
SJNE032_Core(243.84-274.32 cm) 0.981 0.017 0.002 3.89 J
SJNE032_Core(274.32-304.8 cm) 0.97 0.028 0.002 2.71 J
SJNE032_Core(30.48-60.96 cm) 0.645 0.35 0.005 59.8 J
SJNE032_Core(60.96-91.44 cm) 0.718 0.279 0.002 34.5 J
SJNE032_Core(91.44-121.92 cm) 0.233 0.764 0.003 349 J
SJNE032_Grab(0-15.24 cm) 0.707 0.292 0.001 153 J
SJNE033_Core(0-30.48 cm) 0.959 0.038 0.003 17.8 J
SJNE033_Core(121.92-152.4 cm) 0.974 0.022 0.004 42.2 J
SJNE033_Core(152.4-182.88 cm) 0.981 0.016 0.003 44.9 J
SJNE033_Core(182.88-213.36 cm) 0.947 0.046 0.007 59.0 J
SJNE033_Core(213.36-243.84 cm) 0.915 0.076 0.009 96.9 J
SJNE033_Core(243.84-274.32 cm) 0.997 0 0.003 8.62 J
SJNE033_Core(274.32-304.8 cm) 0.998 0 0.002 1.99 J
SJNE033_Core(30.48-60.96 cm) 0.955 0.042 0.003 3.43 J
SJNE033_Core(60.96-91.44 cm) 0.973 0.024 0.003 40.6 J
SJNE033_Core(91.44-121.92 cm) 0.982 0.015 0.003 47.5 J
SJNE033_Grab(0-15.24 cm) 0.951 0.047 0.002 24.1 J
SJNE034(0-15.24 cm) 0.983 0.015 0.002 5.31 J
SJNE035_Core(0-30.48 cm) 0.997 0 0.003 3.38 J
SJNE035_Core(121.92-152.4 cm) 0.997 0 0.003 0.358 J
SJNE035_Core(152.4-182.88 cm) 0.997 0 0.003 0.188 J
SJNE035_Core(182.88-213.36 cm) 0.997 0 0.003 0.490 J
SJNE035_Core(213.36-243.84 cm) 0.997 0 0.003 0.330 J
SJNE035_Core(243.84-274.32 cm) 0.997 0 0.003 0.677 J
SJNE035_Core(30.48-60.96 cm) 0.997 0 0.003 1.09 J



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 7 May 2013

Sample Location ID (depth) EM1 EM2 Residual

Fractional Contributions of the Two End Members to Each Baseline Sediment Sample, and Each Soil 
Sample Collected from the TxDOT Right-of-Way and North of I-10

Table 5-23

TEQDF,M (ng/kg)
SJNE035_Core(60.96-91.44 cm) 0.997 0 0.003 1.07 J
SJNE035_Core(91.44-121.92 cm) 0.997 0 0.003 0.252 J
SJNE035_Grab(0-15.24 cm) 0.974 0.024 0.002 6.41 J
SJNE036(0-15.24 cm) 0.971 0.025 0.004 1.01 J
SJNE037(0-15.24 cm) 0.967 0.03 0.003 8.34 J
SJNE038(0-15.24 cm) 0.969 0.027 0.004 4.43 J
SJNE039(0-15.24 cm) 0.965 0.032 0.003 26.7 J
SJNE040(0-15.24 cm) 0.951 0.047 0.002 26.1 J
SJNE041(0-15.24 cm) 0.746 0.25 0.004 121 J
SJNE041(0-30.48 cm) 0.984 0.013 0.003 6.66 J
SJNE041(121.92-152.4 cm) 0.997 0 0.003 0.989 J
SJNE041(152.4-182.88 cm) 0.997 0 0.003 0.249 J
SJNE041(30.48-60.96 cm) 0.997 0 0.003 5.77 J
SJNE041(60.96-91.44 cm) 0.998 0 0.002 0.673 J
SJNE041(91.44-121.92 cm) 0.998 0 0.002 0.228 J
SJNE042(0-15.24 cm) 0.964 0.033 0.003 13.7 J
SJNE043(0-15.24 cm) 0.975 0.023 0.002 2.32 J
SJNE043(0-30.48 cm) 0.958 0.038 0.004 0.895 J
SJNE043(121.92-152.4 cm) 0.997 0 0.003 0.106 J
SJNE043(30.48-60.96 cm) 0.975 0.021 0.004 0.426 J
SJNE043(60.96-91.44 cm) 0.983 0.01 0.007 0.157 J
SJNE043(91.44-121.92 cm) 0.996 0 0.004 0.0848 J
SJNE044(0-15.24 cm) 0.987 0.01 0.003 3.38 J
SJNE045(0-15.24 cm) 0.973 0.023 0.004 1.15 J
SJNE046(0-15.24 cm) 0.973 0.024 0.003 7.34 J
SJNE047(0-15.24 cm) 0.971 0.026 0.003 7.17 J
SJNE048(0-15.24 cm) 0.969 0.029 0.003 12.5 J
SJNE049(0-15.24 cm) 0.994 0.003 0.003 12.1 J
SJNE050_Core(0-30.48 cm) 0.98 0.017 0.003 24.3 J
SJNE050_Core(121.92-152.4 cm) 0.98 0.018 0.002 19.3 J
SJNE050_Core(152.4-182.88 cm) 0.984 0.014 0.002 2.84 J
SJNE050_Core(182.88-213.36 cm) 0.998 0 0.002 0.212 J
SJNE050_Core(30.48-60.96 cm) 0.958 0.039 0.003 12.2 J
SJNE050_Core(60.96-91.44 cm) 0.98 0.018 0.002 17.4 J
SJNE050_Core(91.44-121.92 cm) 0.961 0.037 0.002 3.89 J
SJNE050_Grab(0-15.24 cm) 0.916 0.074 0.009 0.744 J
SJNE051(0-15.24 cm) 0.98 0.016 0.004 1.51 J
SJNE052(0-15.24 cm) 0.986 0.011 0.003 4.79 J
SJNE053(0-15.24 cm) 0.985 0.012 0.003 8.00 J
SJNE054(0-15.24 cm) 0.997 0 0.003 2.26 J
SJNE055(0-15.24 cm) 0.979 0.018 0.003 11.7 J
SJNE056(0-15.24 cm) 0.987 0.01 0.003 0.677 J



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 8 May 2013

Sample Location ID (depth) EM1 EM2 Residual

Fractional Contributions of the Two End Members to Each Baseline Sediment Sample, and Each Soil 
Sample Collected from the TxDOT Right-of-Way and North of I-10

Table 5-23

TEQDF,M (ng/kg)
SJNE057(0-15.24 cm) 0.996 0 0.004 0.667 J
SJNE058(0-15.24 cm) 0.986 0.011 0.003 16.0 J
SJNE059(0-15.24 cm) 0.989 0.008 0.003 5.40 J
SJNE060(0-15.24 cm) 0.989 0.008 0.003 5.72 J
SJNE061(0-15.24 cm) 0.998 0 0.002 0.758 J
SJNE062(0-15.24 cm) 0.998 0 0.002 0.432 J
SJNE063(0-15.24 cm) 0.998 0 0.002 0.765 J
SJNE064(0-15.24 cm) 0.997 0 0.003 4.15 J
SJNE065(0-15.24 cm) 0.998 0 0.002 1.59 J
SJNE066(0-15.24 cm) 0.998 0 0.002 0.180 J
SJNE067(0-15.24 cm) 0.997 0 0.003 0.353 J
SJNE068(0-15.24 cm) 0.998 0 0.002 0.386 J
SJNE069(0-15.24 cm) 0.996 0 0.004 0.110 J
SJNE070(0-15.24 cm) 0.988 0.008 0.004 0.340 J
SJRS001(0-15.24 cm) 0.997 0 0.003 2.15 J
SJRS002(0-15.24 cm) 0.997 0 0.003 2.02 J
SJRS003(0-15.24 cm) 0.996 0 0.004 2.41 J
SJRS004(0-15.24 cm) 0.995 0 0.005 11.9 J
SJRS005(0-15.24 cm) 0.997 0 0.003 1.71 J
SJRS006(0-15.24 cm) 0.994 0 0.006 2.11 J
SJRS007(0-15.24 cm) 0.997 0 0.003 3.43 J
SJRS008(0-15.24 cm) 0.995 0 0.005 2.87 J
SJRS009(0-15.24 cm) 0.994 0 0.006 2.78 J
SJRS010(0-15.24 cm) 0.996 0 0.004 9.71 J
SJSD001(0-15 cm) 0.969 0.028 0.003 19.2 J
SJSD001(15-30 cm) 0.979 0.019 0.002 6.56 J
SJSD001(30-60 cm) 0.998 0 0.002 2.61 J
SJSD002(0-15 cm) 0.969 0.028 0.003 4.47 J
SJSD002(15-30 cm) 0.978 0.019 0.003 8.41 J
SJSD002(30-60 cm) 0.973 0.024 0.003 8.86 J
SJSD003(0-15 cm) 0.963 0.034 0.003 12.1 J
SJSD003(15-30 cm) 0.967 0.03 0.003 11.6 J
SJSD003(30-60 cm) 0.978 0.019 0.003 6.67 J
SJSD004(0-15 cm) 0.959 0.038 0.003 8.19 J
SJSD004(15-30 cm) 0.96 0.037 0.003 21.0 J
SJSD004(30-60 cm) 0.963 0.034 0.003 15.8 J
SJSH001(0-15.24 cm) 0.982 0.015 0.004 0.644 J
SJSH002(0-15.24 cm) 0.987 0.01 0.003 1.36 J
SJSH003(0-15.24 cm) 0.995 0 0.005 2.50 J
SJSH004(0-15.24 cm) 0.996 0 0.004 1.18 J
SJSH005(0-15.24 cm) 0.997 0 0.003 1.04 J
SJSH008(0-5.1816 cm) 0.788 0.205 0.007 8.50 J
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Sample Location ID (depth) EM1 EM2 Residual

Fractional Contributions of the Two End Members to Each Baseline Sediment Sample, and Each Soil 
Sample Collected from the TxDOT Right-of-Way and North of I-10

Table 5-23

TEQDF,M (ng/kg)
SJSH009(0-7.62 cm) 0.726 0.264 0.009 9.98 J
SJSH010(0-5.1816 cm) 0.831 0.163 0.006 14.3 J
SJSH012(0-15.24 cm) 0.996 0 0.004 2.90 J
SJSH014(0-15.24 cm) 0.995 0 0.005 0.333 J
SJSH014(15.24-30.48 cm) 0.978 0.018 0.004 1.13 J
SJSH017(0-15.24 cm) 0.906 0.091 0.003 6.74 J
SJSH019(0-15.24 cm) 0.834 0.162 0.004 5.60 J
SJSH021(0-15.24 cm) 0.867 0.13 0.003 9.44 J
SJSH023(0-15.24 cm) 0.747 0.236 0.017 1.35 J
SJSH025(0-15.24 cm) 0.923 0.073 0.004 3.69 J
SJSH027(0-15.24 cm) 0.997 0 0.003 0.442 J
SJSH027(15.24-30.48 cm) 0.998 0 0.002 0.747
SJSH029(0-15.24 cm) 0.977 0.018 0.005 0.386 J
SJSH029(15.24-30.48 cm) 0.93 0.063 0.008 0.869 J
SJSH031(0-15.24 cm) 0.998 0 0.002 0.316
SJSH031(15.24-30.48 cm) 0.998 0 0.002 0.536 J
SJSH033(0-15.24 cm) 0.902 0.09 0.008 2.07 J
SJSH033(15.24-30.48 cm) 0.775 0.208 0.017 1.32 J
SJSH035(0-15.24 cm) 0.833 0.161 0.006 10.9 J
SJSH035(15.24-30.48 cm) 0.692 0.299 0.008 8.94 J
SJSH036(0-15.24 cm) 0.997 0 0.003 0.495 J
SJSH038(0-15.24 cm) 0.997 0 0.003 0.351 J
SJSH040(0-15.24 cm) 0.975 0.016 0.009 0.398 J
SJSH042(0-15.24 cm) 0.997 0 0.003 0.178 J
SJSH044(0-15.24 cm) 0.997 0 0.003 0.129 J
SJSH047(0-15.24 cm) 0.997 0 0.003 0.108 J
SJSH049(0-15.24 cm) 0.942 0.051 0.007 0.594 J
SJSH051(0-15.24 cm) 0.997 0 0.003 0.952 J
SJSH053(0-15.24 cm) 0.998 0 0.002 0.119 J
SJSH055(0-15.24 cm) 0.998 0 0.002 0.346 J
SJSH056(0-15.24 cm) 0.991 0.005 0.004 0.968 J
SJSH057(0-15.24 cm) 0.982 0.015 0.003 2.54 J
SJSH058(0-15.24 cm) 0.978 0.018 0.004 2.59 J
SJSH059(0-15.24 cm) 0.968 0.027 0.005 0.487 J
SJSH060(0-15.24 cm) 0.982 0.014 0.004 0.543 J
SJSH061(0-15.24 cm) 0.98 0.017 0.004 0.956 J
SJSH062(0-15.24 cm) 0.996 0 0.004 0.683 J
SJSH063(0-15.24 cm) 0.998 0 0.002 0.177 J
SJSH064(0-15.24 cm) 0.997 0 0.003 0.217 J
SJTS001(0-15.24 cm) 0.905 0.092 0.003 6.47 J
SJTS001(15.24-30.48 cm) 0.961 0.036 0.003 5.06 J
SJTS002(0-15.24 cm) 0.982 0.015 0.003 6.60 J



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site 10 May 2013

Sample Location ID (depth) EM1 EM2 Residual

Fractional Contributions of the Two End Members to Each Baseline Sediment Sample, and Each Soil 
Sample Collected from the TxDOT Right-of-Way and North of I-10

Table 5-23

TEQDF,M (ng/kg)
SJTS002(15.24-30.48 cm) 0.994 0 0.006 6.62 J
SJTS003(0-15.24 cm) 0.908 0.084 0.007 2.12 J
SJTS003(15.24-30.48 cm) 0.928 0.069 0.004 4.05 J
SJTS004(0-15.24 cm) 0.997 0 0.003 2.21 J
SJTS004(15.24-30.48 cm) 0.998 0 0.002 1.64 J
SJTS005(0-15.24 cm) 0.985 0.012 0.003 2.30 J
SJTS005(15.24-30.48 cm) 0.996 0 0.004 0.883 J
SJTS006(0-15.24 cm) 0.997 0 0.003 3.08 J
SJTS006(15.24-30.48 cm) 0.997 0 0.003 3.20 J
SJTS007(0-15.24 cm) 0.974 0.022 0.004 7.99 J
SJTS007(15.24-30.48 cm) 0.956 0.04 0.004 4.82 J
SJTS008(0-15.24 cm) 0.986 0.01 0.004 3.17 J
SJTS008(15.24-30.48 cm) 0.996 0 0.004 2.22 J
SJTS009(0-15.24 cm) 0.997 0 0.003 3.32 J
SJTS009(15.24-30.48 cm) 0.997 0 0.003 9.63 J
SJTS010(0-15.24 cm) 0.997 0 0.003 27.2 J
SJTS010(15.24-30.48 cm) 0.996 0 0.004 26.7 J
SJTS011(0-15.24 cm) 0.997 0 0.003 1.02 J
SJTS011(15.24-30.48 cm) 0.997 0 0.003 2.58 J
SJTS012(0-15.24 cm) 0.997 0 0.003 12.4 J
SJTS012(15.24-30.48 cm) 0.996 0 0.004 3.62 J
SJTS013(0-15.24 cm) 0.996 0 0.004 5.88 J
SJTS013(15.24-30.48 cm) 0.997 0 0.003 6.57 J
SJTS014(0-15.24 cm) 0.997 0 0.003 2.44 J
SJTS014(15.24-30.48 cm) 0.997 0 0.003 3.04 J
SJTS015(0-15.24 cm) 0.996 0 0.004 2.53 J
SJTS015(15.24-24.384 cm) 0.999 0 0.001 2.00 J
SJTS016(0-15.24 cm) 0.997 0 0.003 3.37 J
SJTS016(15.24-30.48 cm) 0.997 0 0.003 1.66 J
SJTS016(30.48-57.912 cm) 0.998 0 0.002 5.52 J
SJTS017(0-15.24 cm) 0.997 0 0.003 2.04 J
SJTS017(15.24-30.48 cm) 0.997 0 0.003 0.800 J
SJTS017(30.48-60.96 cm) 0.978 0.02 0.002 5.36 J
SJTS018(0-15.24 cm) 0.726 0.269 0.005 9.53 J
SJTS018(15.24-30.48 cm) 0.232 0.765 0.003 33.2 J
SJTS018(30.48-60.96 cm) 0.147 0.847 0.006 195 J
SJTS019(0-15.24 cm) 0.997 0 0.003 2.15 J
SJTS019(15.24-30.48 cm) 0.997 0 0.003 10.6 J
SJTS019(30.48-60.96 cm) 0.979 0.019 0.002 5.85 J
SJTS020(0-15.24 cm) 0.922 0.073 0.006 0.579 J
SJTS020(15.24-30.48 cm) 0.683 0.305 0.012 3.40 J
SJTS021(0-15.24 cm) 0.928 0.07 0.002 4.22 J
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Sample Location ID (depth) EM1 EM2 Residual

Fractional Contributions of the Two End Members to Each Baseline Sediment Sample, and Each Soil 
Sample Collected from the TxDOT Right-of-Way and North of I-10

Table 5-23

TEQDF,M (ng/kg)
SJTS021(15.24-30.48 cm) 0.963 0.034 0.004 4.00 J
SJTS021(30.48-60.96 cm) 0.966 0.031 0.003 3.15 J
SJTS022(0-15.24 cm) 0.996 0 0.004 5.15 J
SJTS022(15.24-30.48 cm) 0.995 0 0.005 3.30 J
SJTS023(0-15.24 cm) 0.996 0 0.004 5.08 J
SJTS023(15.24-30.48 cm) 0.997 0 0.003 5.07 J
SJTS023(30.48-57.912 cm) 0.997 0 0.003 5.98 J
SJTS024(0-15.24 cm) 0.997 0 0.003 0.925 J
SJTS024(15.24-30.48 cm) 0.997 0 0.003 1.12
SJTS024(30.48-60.96 cm) 0.997 0 0.003 1.91 J
SJTS025(0-15.24 cm) 0.991 0 0.009 17.4 J
SJTS025(15.24-30.48 cm) 0.986 0.007 0.007 18.8 J
SJTS026(0-15.24 cm) 0.997 0 0.003 3.26 J
SJTS026(15.24-30.48 cm) 0.996 0 0.004 4.19 J
SJTS026(30.48-60.96 cm) 0.996 0 0.004 7.71 J
SJTS027(0-15.24 cm) 0.994 0 0.006 16.5 J
SJTS027(15.24-30.48 cm) 0.995 0 0.005 14.8 J
SJTS028(0-15.24 cm) 0.997 0 0.003 7.00 J
SJTS028(15.24-30.48 cm) 0.997 0 0.003 19.2 J
SJTS029(0-15.24 cm) 0.995 0 0.005 9.03 J
SJTS029(15.24-30.48 cm) 0.996 0 0.004 2.35 J
SJTS030(0-15.24 cm) 0.997 0 0.003 1.14 J
SJTS030(15.24-30.48 cm) 0.994 0 0.006 4.40 J
SJTS031(0-15.24 cm) 0.996 0 0.004 0.456 J
SJTS031(15.24-30.48 cm) 0.998 0 0.002 0.357 J
SJUP002(0-15 cm) 0.997 0 0.003 1.62 J
SJUP006(0-15 cm) 0.998 0 0.002 1.43 J
SJUP007(0-15 cm) 0.997 0 0.003 1.26 J
SJUP008(0-15 cm) 0.997 0 0.003 0.820 J
SJUP009(0-15 cm) 0.997 0 0.003 0.779 J
SJUP010(0-15 cm) 0.998 0 0.002 0.636 J
SJUP014(0-15 cm) 0.991 0.006 0.003 6.54 J
SJUP015(0-15 cm) 0.999 0 0.001 1.48 J
SJUP016(0-15 cm) 0.997 0 0.003 0.711 J
SJUP018(0-15 cm) 0.997 0 0.003 0.735 J
SJVS001(0-15 cm) 0.065 0.926 0.009 12,600 J
SJVS016(0-28 cm) 0.106 0.867 0.027 840 J
TCEQ2009_01(0-15 cm) 0.032 0.948 0.02 1,840
TCEQ2009_03(0-15 cm) 0.042 0.944 0.013 1,240 J
TCEQ2009_04(0-15 cm) 0.939 0.059 0.002 21.9 J
TCEQ2009_05(0-15 cm) 0.723 0.274 0.003 513 J
TxDOT001(0-30.48 cm) 0.993 0 0.007 1.07 J
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Sample Location ID (depth) EM1 EM2 Residual

Fractional Contributions of the Two End Members to Each Baseline Sediment Sample, and Each Soil 
Sample Collected from the TxDOT Right-of-Way and North of I-10

Table 5-23

TEQDF,M (ng/kg)
TxDOT002(0-30.48 cm) 0.995 0 0.005 11.2 J
TxDOT003(0-30.48 cm) 0.933 0.064 0.003 10.7 J
TxDOT004(0-30.48 cm) 0.846 0.152 0.002 66.1 J
TxDOT004(121.92-142.24 cm) 0.997 0 0.003 1.22 J
TxDOT005(0-30.48 cm) 0.987 0.01 0.004 20.3 J
TxDOT006(0-15.24 cm) 0.997 0 0.003 1.73 J
TxDOT007(0-30.48 cm) 0.994 0 0.006 7.87 J
TxDOT008(0-30.48 cm) 0.996 0 0.004 2.60 J
TxDOT009(0-30.48 cm) 0.997 0 0.003 2.86 J
TxDOT010(0-15.24 cm) 0.997 0 0.003 16.1 J
TxDOT011(0-20.32 cm) 0.998 0 0.002 7.55 J
TxDOT012(0-30.48 cm) 0.997 0 0.003 0.212 J
TxDOT012(121.92-152.4 cm) 0.997 0 0.003 0.441 J

Notes
J  = estimated
TxDOT = Texas Department of Transportation
TEQDF,M = Toxicity equivalent for dioxins and furans calculated using mammalian toxicity equivalency 
factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.
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RME CTE RME CTE RME CTE
1A - Direct exposure Beach Area A; Ingestion of catfish from FCA2/3 2 0.3 1x10–5 6x10–7 0.3 0.04
1B - Direct exposure Beach Area A; Ingestion of clam from FCA 1/3 0.04 0.005 6x10–7 3x10–8 0.006 0.0007
1C - Direct exposure Beach Area A; Ingestion of crab from FCA 2/3 0.03 0.002 5x10–7 2x10–8 0.001 0.0001

2A - Direct exposure Beach Area B/C; Ingestion of catfish from FCA2/3 2 0.3 1x10–5 7x10–7 0.3 0.04

2B - Direct exposure Beach Area B/C; Ingestion of clam from FCA 2 0.3 0.01 3x10–6 9x10–8 0.07 0.003
2C - Direct exposure Beach Area B/C; Ingestion of crab from FCA2/3 0.08 0.006 3x10–6 9x10–8 0.007 0.0004
3A - Direct exposure Beach Area E; Ingestion of catfish from FCA2/3 50 0.6 2x10–5 7x10–7 10 0.1
3B - Direct exposure Beach Area E; Ingestion of clam from FCA 2 40 0.3 1x10–5 2x10–7 10 0.08
3C - Direct exposure Beach Area E; Ingestion of crab from FCA2/3 40 0.3 1x10–5 2x10–7 10 0.08
4A - Direct exposure Beach Area D; Ingestion of catfish from FCA 1 2 0.3 1x10–5 7x10–7 0.3 0.03
4B - Direct exposure Beach Area D; Ingestion of clam from FCA 1/3 0.08 0.008 3x10–6 1x10–7 0.008 0.0008
4C - Direct exposure Beach Area D; Ingestion of crab from FCA 1 0.08 0.006 2x10–6 1x10–7 0.006 0.0005

Notes

CTE = central tendency exposure
FCA = fish collection area
HI = hazard index
RME = reasonable maximum exposure
TEQDF,M = Toxicity equivalent concentration calculated using only dioxin and furan congeners using mammalian toxicity equivalency factors (Van den Berg et al. 
2006). 

Shaded cells indicate that noncancer HI is >1, cancer risk is >1x10–4, or TEQDF,M cancer HI is >1.

Table 5-24
Hazards and Risks for the Hypothetical Recreational Fisher Scenarios

Scenario
Noncancer HI Cancer Risk TEQDF,M Cancer HI
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Scenario Noncancer HI Cancer Risk
TEQDF,M 

Cancer HI

1A - Direct exposure Beach Area A; Ingestion of catfish from FCA 2/3 20 1x10–4 3
1B - Direct exposure Beach Area A; Ingestion of clam from FCA 1/3 0.5 5x10–6 0.08
1C - Direct exposure Beach Area A; Ingestion of crab from FCA 2/3 0.2 3x10–6 0.01
2A - Direct exposure Beach Area B/C; Ingestion of catfish from FCA 2/3 20 1x10–4 3
2B - Direct exposure Beach Area B/C; Ingestion of clam from FCA 2 3 1x10–5 0.9
2C - Direct exposure Beach Area B/C; Ingestion of crab from FCA 2/3 0.4 9x10–6 0.03
3A - Direct exposure Beach Area E; Ingestion of catfish from FCA 2/3 100 1x10–4 38
3B - Direct exposure Beach Area E; Ingestion of clam from FCA 2 100 3x10–5 36
3C - Direct exposure Beach Area E; Ingestion of crab from FCA 2/3 100 3x10–5 35
4A - Direct exposure Beach Area D; Ingestion of catfish from FCA 1 20 1x10–4 3
4B - Direct exposure Beach Area D; Ingestion of clam from FCA 1/3 0.6 1x10–5 0.08
4C - Direct exposure Beach Area D; Ingestion of crab from FCA 1 0.5 9x10–6 0.05

Notes

FCA = fish collection area
HI = hazard index

Table 5-25
Hazards and Risks for the Hypothetical Subsistence Fisher Scenarios

Shaded cells indicate that noncancer HI is >1, cancer risk is >1x10–4, or TEQDF cancer HI is >1. 

TEQDF,M = Toxicity equivalent concentration calculated using only dioxin and furan congeners using mammalian toxicity equivalency 
factors (Van den Berg et al. 2006). 
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RME CTE RME CTE RME CTE

Scenario 1 - Direct exposure Beach Area A 0.06 0.001 8x10–7 2x10–8 0.006 7E-05
Scenario 2 - Direct exposure Beach Area B/C 0.1 0.008 4x10–6 2x10–7 0.01 0.0007
Scenario 3 - Direct exposure Beach Area E 60 0.6 1x10–5 3x10–7 20 0.2
Scenario 4 - Direct exposure Beach Area D 0.1 0.007 3x10–6 2x10–7 0.008 0.0003

Notes

CTE = central tendency exposure
HI = hazard index
RME = reasonable maximum exposure

Shaded cells indicate that noncancer HI is >1, cancer risk is >1x10–4, or TEQDF cancer HI is >1. 

TEQDF,M = Toxicity equivalent concentration calculated using only dioxin and furan congeners using mammalian toxicity 
equivalency factors (Van den Berg et al. 2006). 

Table 5-26
Hazards and Risks for the Hypothetical Recreational Visitor Scenarios

Noncancer HI Cancer Risk TEQDF,M Cancer HI
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Baseline Scenario with TEQDF HQ> 1 Corresponding Post-TCRA Scenario RME CTE RME CTE RME CTE RME CTE

3A - (Beach Area E/Catfish FCA 2/3) (Beach Area A/post-TCRA catfish FCA 2/3) 0.7 (0.7) 0.08 (0.09) 40 0.4 0.4 0.02 99% 84%
3B - (Beach Area E/ Clam FCA 2) (Beach Area A/ post-TCRA clam FCA 2) 0.04 0.004 40 0.3 0.007 0.0008 100% 99%
3C - (Beach Area E/ Crab FCA 2/3) (Beach Area A/ Crab  FCA 2/3) 0.005 0.0004 40 0.3 0.004 0.0003 100% 100%

1A - ( Beach Area A/ Catfish  FCA 2/3) (Beach Area A/post-TCRA catfish FCA 2/3) 6 (6) -- 9 -- 4 -- 65% --
2A - (Beach Area AB/C/ Catfish FCA 2/3) (Beach Area A/post-TCRA catfish FCA 2/3) 6 (6) -- 9 -- 4 -- 65% --

3A - (Beach Area AE/ Catfish FCA 2/3) (Beach Area A/post-TCRA catfish FCA 2/3) 6 (6) -- 100 -- 4 -- 98% --
4A - ( Beach Area D/Catfish  FCA 1) None c -- -- -- -- -- -- -- --
2B - (Beach Area B/C/ Clam FCA 2) (Beach Area A/ post-TCRA clam FCA 2) 0.5 -- 3 -- 0.08 -- 86% --
3B - (Beach Area E/ Clam FCA 2) (Beach Area A/ post-TCRA clam FCA 2) 0.5 -- 3 -- 0.08 -- 86% --
3C - (Beach Area E/ Crab FCA 2/3) (Beach Area A/ Crab  FCA 2/3) 0.05 -- 100 -- 0.03 -- 100% --

3 - (Beach Area E and soils North of I-10) (Beach Area A and post-TCRA soils North of I-10) 0.008 0.0002 60 0.5 0.009 0.0003 100% 100%

Notes
-- = not applicable, In line with the Exposure Assessment Memorandum, CTE hazards were not calculated for subsistence fishers
CTE= central tendency estimate
FCA = fish collection area
HI = hazard index
HQ = hazard quotient
RME = reasonable maximum exposure
TCRA = time critical removal action
TEQDF,M = toxicity equivalent concentration calculated using only dioxin and furan congeners using mammalian toxicity equivalency factors (Van den Berg et al. 2006). 

a - For scenarios that include ingestion of catfish post-TCRA hazards calculated using the TEQ-derived exposure point concentration are shown first, while those calculated based on EPC-derived for only a subset of congeners, is shown in 
parentheses.  

c - Only Beach Area A is accessible under post-TCRA conditions.  Because FCA 1 is not adjacent to this area, consumption of catfish from FCA 1 in combination with direct exposure to sediments is not a possible post-TCRA condition.

Table 5-27
Post-TCRA TEQDF,M Noncancer Hazard Index and Hazard Reduction

Noncancer TEQDF,M HI

Hazard ReductionbPost-TCRA a Baseline Background

b - Hazard reduction is calculated as 1-((post-TCRA HI-background HI)/(baseline HI-background HI)).

Hypothetical Recreational Fisher (Direct Contact/Tissue Ingestion)

Hypothetical Subsistence Fisher (Direct Contact/Tissue Ingestion)

Hypothetical Recreational Visitor (Direct Contact)
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Baseline Scenario with TEQDF HQ> 1 Corresponding Post-TCRA Scenario RME CTE RME CTE RME CTE RME CTE

3A - (Beach Area E/Catfish FCA 2/3) (Beach Area A/post-TCRA catfish FCA 2/3) 0.2 (0.2) 0.02 (0.03) 10 0.1 0.1 0.006 99% 84%
3B - (Beach Area E/ Clam FCA 2) (Beach Area A/ post-TCRA clam FCA 2) 0.01 0.001 10 0.08 0.002 0.0002 100% 99%
3C - (Beach Area E/ Crab FCA 2/3) (Beach Area A/ Crab  FCA 2/3) 0.001 0.0001 10 0.08 0.001 0.0001 100% 100%

1A - ( Beach Area A/ Catfish  FCA 2/3) (Beach Area A/post-TCRA catfish FCA 2/3) 2 (2) -- 3 -- 1 -- 65% --
2A - (Beach Area B/C/ Catfish FCA 2/3) (Beach Area A/post-TCRA catfish FCA 2/3) 2 (2) -- 3 -- 1 -- 65% --

3A - (Beach Area E/ Catfish FCA 2/3) (Beach Area A/post-TCRA catfish FCA 2/3) 2 (2) -- 40 -- 1 -- 98% --
4A - ( Beach Area D/Catfish  FCA 1) None c -- -- -- -- -- -- -- --
2B -(Beach Area B/C/ Clam FCA 2) (Beach Area A/ post-TCRA clam FCA 2) 0.1 -- 0.9 -- 0.02 -- 86% --
3B - (Beach Area E/ Clam FCA 2) (Beach Area A/ post-TCRA clam FCA 2) 0.1 -- 0.9 -- 0.02 -- 86% --
3C - (Beach Area E/ Crab FCA 2/3) (Beach Area A/ Crab  FCA 2/3) 0.01 -- 40 -- 0.01 -- 100% --

3 - (Beach Area E and soils North of I-10) (Beach Area A and post-TCRA soils North of I-10) 0.002 0.00007 20 0.2 0.003 0.00008 100% --

Notes
-- = not applicable, In line with the Exposure Assessment Memorandum, CTE hazards were not calculated for subsistence fishers
CTE= central tendency estimate
FCA= fish collection area
HI = hazard index
HQ = hazard quotient
RME = reasonable maximum exposure
TCRA = time critical removal action

b -  Hazard reduction is calculated as 1-(post-TCRA HI-background HI)/(baseline HI-background HI).

a - For scenarios that include ingestion of catfish post-TCRA hazards calculated using the TEQ derived EPC are shown first, while those calculated based on EPC derived for only a subset of congeners, is shown in parentheses.  

c - Only Beach Area A is accessible under post-TCRA conditions.  Because FCA 1 is not adjacent to this area, consumption of catfish from FCA 1 in combination with direct exposure to sediments is not a possible post-TCRA condition.

Table 5-28
Post-TCRA TEQDF,M Cancer Hazard Index and Hazard Reduction

Cancer TEQDF,M HI

Hazard Reduction bPost-TCRA a Baseline Background

TEQDF,M = toxicity equivalent concentration calculated using only dioxin and furan congeners using mammalian toxicity equivalency factors (Van den Berg et al. 2006). 

Hypothetical Recreational Fisher (Direct Contact/Tissue Ingestion)

Hypothetical Subsistence Fisher (Direct Contact/Tissue Ingestion)

Hypothetical Recreational Visitor (Direct Contact)
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COC Units CTE RME CTE RME

TEQDF,M ng/kg dw 11,000 980 3,500 300

TEQDF,M ng/kg dw NA 370 NA 110

TEQDF,M ng/kg dw 5,700 740 1,700 220

Notes
   COC = chemical of concern

CTE = central tendency exposure
dw = dry weight
NA = central tendency exposure (CTE) not applicable for Subsistence Fisher
RME = reasonable maximum exposure
TCDD = tetrachlorodibenzo-p -dioxin
TEQDF,M (ND=1/2DL) = Toxicity equivalent for TCDD calculated for dioxins and furans using mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit. 

Hypothetical Recreational Visitor

Table 5-29
Protective Concentration Levels for TEQDF,M in Sediment

Hypothetical Subsistence Fisher

Cancer Hazard Quotient = 1 Noncancer Hazard Quotient = 1

Hypothetical Recreational Fisher
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Noncancer Hazard
COC Units 1x10-4 1x10-5 1x10-6 Hazard Quotient = 1

Total PCBs RME µg/kg dw 18,000 1,800 180 2,000
CTE µg/kg dw 700,000 70,000 7,000 21,000

Arsenic RME mg/kg dw 110 11 1.1 130
CTE mg/kg dw 2,200 220 22 1,500

Total PCBs RME µg/kg dw 6,600 660 66 750
Arsenic RME mg/kg dw 40 4.0 0.40 48

PCBs RME µg/kg dw 13,000 1,300 130 1,500
CTE µg/kg dw 350,000 35,000 3,500 11,000

Arsenic RME mg/kg dw 79 7.9 0.79 6.4
CTE mg/kg dw 1,100 110 11 750

Notes
   COC = chemical of concern

CTE = central tendency exposure
dw = dry weight
PCB = polychlorinated biphenyl
RME = reasonable maximum exposure

Hypothetical Recreational Visitor

Table 5-30
Protective Concentration Levels for Total PCBs and Arsenic in Sediment

Cancer Risk

Hypothetical Recreational Fisher

Hypothetical Subsistence Fisher

Exposure 
Level
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COC Units CTE RME CTE RME
TEQDF,M ng/kg dw 230,000 4,300 69,000 1,300

Notes
   COC = chemical of concern

CTE = central tendency exposure
dw = dry weight
RME = reasonable maximum exposure
TCDD = tetrachlorodibenzo-p -dioxin
TEQDF,M (ND=1/2DL) = Toxicity equivalent for TCDD calculated for dioxins and furans using mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit. 

Table 5-31
Protective Concentration Levels for TEQDF,M in Soil for the Hypothetical Recreational Visitor

Cancer Hazard Quotient = 1 Noncancer Hazard Quotient = 1
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Noncancer Hazard
COC Units 1x10-4 1x10-5 1x10-6 Hazard Quotient = 1

Total PCBs RME µg/kg dw 310,000 31,000 3,100 16,000
CTE µg/kg dw 18,000,000 1,800,000 180,000 560,000

Arsenic RME mg/kg dw 1,100 110 11 560
CTE mg/kg dw 43,000 4,300 430 30,000

Notes
   COC - chemical of concern

CTE = central tendency exposure
dw = dry weight
PCB = polychlorinated biphenyl
RME = reasonable maximum exposure

Table 5-32
Protective Concentration Levels for Total PCBs and Arsenic in Soil for the Hypothetical Recreational Visitor

Cancer RiskExposure 
Level
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COC Units CTE RME CTE RME

TEQDF,M ng/kg ww 88 12 27 3.8

TEQDF,M ng/kg ww NA 1.5 NA 0.44

TEQDF,M ng/kg ww 1840 290 560 89

TEQDF,M ng/kg ww NA 22 NA 6.7

Notes
   COC = chemical of concern

CTE = central tendency exposure
NA = central tendency exposure (CTE) not applicable for Subsistence Fisher
RME = reasonable maximum exposure
TCDD = tetrachlorodibenzo-p -dioxin

ww = wet weight

TEQDF,M (ND=1/2DL) = Toxicity equivalent for TCDD calculated for dioxins and furans using mammalian toxicity 
equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the detection limit. 

Hypothetical Subsistence Fisher—Catfish Fillet

Table 5-33
Protective Concentration Levels for TEQDF,M in Tissue

Cancer Hazard = 1 Noncancer Hazard Quotient = 1

Hypothetical Subsistence Fisher—Clams

Hypothetical Recreational Fisher—Catfish Fillet

Hypothetical Recreational Fisher—Clams
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Noncancer Hazard
COC Units 1x10-4 1x10-5 1x10-6 Hazard Quotient = 1

Total PCBs RME µg/kg ww 1,200 120 12 110
CTE µg/kg ww 25,000 2,500 250 760

Arsenic RME mg/kg ww 16 1.6 0.16 16
CTE mg/kg ww 170 17 1.7 110

Mercury RME mg/kg ww NA NA NA 0.54
CTE mg/kg ww NA NA NA 3.8

Total PCBs RME µg/kg ww 23,000 2,300 230 2,500
CTE µg/kg ww 520,000 52,000 5,200 16,000

Arsenic RME mg/kg ww 300 30 3.0 380
CTE mg/kg ww 3,500 350 35 2,400

Mercury RME mg/kg ww NA NA NA 13
CTE mg/kg ww NA NA NA 80

Total PCBs RME µg/kg ww 130 13 1.3 13
Arsenic RME mg/kg ww 1.7 0.17 0.017 1.9
Mercury RME mg/kg ww NA NA NA 0.063

Total PCBs RME µg/kg ww 1,600 160 16 190
Arsenic RME mg/kg ww 22 2.2 0.22 29
Mercury RME mg/kg ww NA NA NA 0.95

Notes
COC = chemical of concern PCB = polychlorinated biphenyl
CTE = central tendency exposure RME = reasonable maximum exposure

   NA = CTE not applicable for Subsistence Fisher ww = wet weight

Hypothetical Subsistence Fisher—Shellfish

Hypothetical Recreational Fisher— Shellfish

Table 5-34
Protective Concentration Levels for Total PCBs, Arsenic, and Mercury in Tissue

Cancer Risk

Hypothetical Recreational Fisher—Catfish Fillet

Hypothetical Subsistence Fisher—Catfish Fillet

Exposure 
Level
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Cancer HQ=1 Noncancer HQ=1 FCA 1 SWAC FCA 2/3 SWAC Post-TCRA EPC a

Hypothetical Recreational Fisher 980 300
Hypothetical Subsistence Fisher 370 110
Hypothetical Recreational Visitor 740 220

Notes
All units are ng/kg-dry weight.

-- = Estimated cancer hazards were not calculated for PCBs and estimated cancer risk did not exceed benchmark.
EPC = exposure point concentrations

HQ = hazard quotient
PCL = protective concentration level
SWAC = sediment-weighted area concentration
TCRA = time critical removal action

a - Post-TCRA EPC represents sediments at Beach Area A only.  See Appendix F of BHHRA (Integral 2012e)

Table 5-35
 Comparison of Reasonable Maximum Exposure TEQDF,M Sediment PCLs to Post-TCRA TEQDF,M SWACs and EPCs  

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and mammalian toxicity equivalency 
factors  (Van den Berg et al. 2006) with nondetects set at one-half the detection limit.

FCA = fish collection area

0.456

Post-TCRA Concentrations

16.1 11.2

PCLs
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Cancer HQ= 1 Noncancer HQ = 1 FCA 1 FCA 2/3 Background 
TEQDF,M ng/kg ww 12 3.8 3.92 4.06 1.65

Cancer Risk at 1x10-5

Arsenic mg/kg ww 1.6 16 0.564 0.665 0.337
Mercury mg/kg ww NC 0.54 0.190 0.143 0.149
Total PCBs µg/kg ww 120 110 104 94.2 56.8

Cancer HQ= 1 Noncancer HQ = 1 FCA 1 FCA 2/3 Background 
TEQDF,M ng/kg ww 1.5 0.44 3.92 4.06 1.65

Cancer Risk at 1x10-5

Arsenic mg/kg ww 0.17 1.90 0.564 0.665 0.337
Mercury mg/kg ww NC 0.063 0.190 0.143 0.149
Total PCBs µg/kg ww 13 13 104 94.2 56.8

Cancer HQ= 1 Noncancer HQ = 1 FCA 1/3 FCA 2 Background 
TEQDF,M ng/kg ww 22 6.7 1.65 19.0 0.470

Cancer Risk at 1x10-5

Arsenic mg/kg ww 2.2 29 0.523 0.586 0.528
Mercury mg/kg ww NC 0.95 0.0128 0.0114 0.00674
Total PCBs µg/kg ww 160 190 21.7 50.0 11.9

Notes

BHHRA = baseline human health risk assessment PCL = protective concentration level
COPC = chemical of potential concern RME = reasonable maximum exposure

NC = mercury is not a carcinogenic COPC USEPA = U.S. Environmental Protection Agency
PCB = polychlorinated biphenyl ww = wet weight
 a - Methods for calculating background EPCs are described in full in the BHHRA (Integral 2012e), main text, and Appendix E.

-- = Estimated cancer hazards were not calculated for PCBs and estimated cancer risk did not exceed benchmark.

Table 5-36
Comparison of Reasonable Maximum Exposure Tissue PCLs to Concentrations in Tissue Collected from within USEPA's Preliminary Site Perimeter and from 

Background

Hypothetical Recreational Fisher, PCL for Catfish Fillet RME EPC for Catfish Fillet for BHHRA a

Hypothetical Subsistence Fisher, PCL for Clams EPC for Clams for BHHRA (a)

EPC for Catfish Fillet for BHHRA (a)Hypothetical Subsistence Fisher, PCL for Catfish Fillet

TEQDF,M (ND=1/2DL) = 2,3,7,8 tetrachlorodibenzo-p-dioxin toxicity equivalent calculated using 
dioxins and furans and mammalian toxicity equivalency factors  (Van den Berg et al. 2006) with 
nondetects set at one-half the detection limit.

EPC = exposure point concentrations
FCA = fish collection area
HQ = hazard quotient
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Minimum Maximum Mean
2,3,7,8-TCDD ng/kg 24 83% 0.544 24.3 4.84
1,2,3,7,8-PeCDD ng/kg 23 79% 0.216 3.30 0.766
1,2,3,4,7,8-HxCDD ng/kg 25 86% 0.186 4.71 1.25
1,2,3,6,7,8-HxCDD ng/kg 27 93% 0.720 12.6 3.88
1,2,3,7,8,9-HxCDD ng/kg 29 100% 0.627 12.2 3.59
1,2,3,4,6,7,8-HpCDD ng/kg 29 100% 19.6 438 149
OCDD ng/kg 29 100% 376 64,900 9200
2,3,7,8-TCDF ng/kg 25 86% 0.237 78.7 15.7
1,2,3,7,8-PeCDF ng/kg 21 72% 0.229 3.72 1.03
2,3,4,7,8-PeCDF ng/kg 24 83% 0.180 3.48 1.01
1,2,3,4,7,8-HxCDF ng/kg 29 100% 0.160 8.26 2.64
1,2,3,6,7,8-HxCDF ng/kg 21 72% 0.229 2.94 0.999
1,2,3,7,8,9-HxCDF ng/kg 6 21% 0.0696 0.353 0.103
2,3,4,6,7,8-HxCDF ng/kg 20 69% 0.258 3.60 0.998
1,2,3,4,6,7,8-HpCDF ng/kg 29 100% 0.870 60.8 14.4
1,2,3,4,7,8,9-HpCDF ng/kg 22 76% 0.204 4.82 1.20
OCDF ng/kg 29 100% 3.00 249 66.4
TEQDF,M ng/kg 29 100% 1.35 36.9 13.3

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.

dw = dry weight

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated using dioxins 
and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-half the 
detection limit.

Table 6-1
Summary Statistics for Dioxin and Furan Concentrations in Soil Investigation Area 4 and Adjacent Surface Soil Samples

Analyte
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Concentration (ng/kg dw)
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Minimum Maximum Mean
2,3,7,8-TCDD ng/kg 176 80% 0.157 33800 398
1,2,3,7,8-PeCDD ng/kg 145 66% 0.0449 375 4.97
1,2,3,4,7,8-HxCDD ng/kg 145 66% 0.0226 17.5 1.41
1,2,3,6,7,8-HxCDD ng/kg 180 81% 0.109 89.6 6.76
1,2,3,7,8,9-HxCDD ng/kg 184 83% 0.0476 52 4.28
1,2,3,4,6,7,8-HpCDD ng/kg 217 98% 0.995 2390 211
OCDD ng/kg 221 100% 5.86 106000 6620
2,3,7,8-TCDF ng/kg 203 92% 0.347 129000 1470
1,2,3,7,8-PeCDF ng/kg 166 75% 0.0975 8300 67.7
2,3,4,7,8-PeCDF ng/kg 165 75% 0.0905 3690 37.2
1,2,3,4,7,8-HxCDF ng/kg 190 86% 0.109 11300 92.6
1,2,3,6,7,8-HxCDF ng/kg 154 70% 0.069 3750 30.8
1,2,3,7,8,9-HxCDF ng/kg 62 28% 0.039 242 1.82
2,3,4,6,7,8-HxCDF ng/kg 134 61% 0.0763 646 6.70
1,2,3,4,6,7,8-HpCDF ng/kg 200 90% 0.091 4240 67.8
1,2,3,4,7,8,9-HpCDF ng/kg 144 65% 0.101 1620 14.8
OCDF ng/kg 201 91% 0.266 11300 616
TEQDF,M ng/kg 221 100% 0.0917 50100 582

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.

dw = dry weight

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) calculated using 
dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 2006) with nondetects set at one-
half the detection limit.

Table 6-2
Summary Statistics for Dioxin and Furan Concentrations in Soil Investigation Area 4 and Adjacent Subsurface Soils Samples

Analyte
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Concentration (ng/kg dw)
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Minimum Maximum Mean
2,3,7,8-TCDD 172 140 81% 0.0314 33,800 509
1,2,3,7,8-PeCDD 172 109 63% 0.00935 375 6.21
1,2,3,4,7,8-HxCDD 172 107 62% 0.00875 17.5 1.52
1,2,3,6,7,8-HxCDD 172 137 80% 0.00865 89.6 7.59
1,2,3,7,8,9-HxCDD 172 138 80% 0.0184 52 4.65
1,2,3,4,6,7,8-HpCDD 172 168 98% 0.135 2,390 233
OCDD 172 172 100% 5.86 106,000 6,690
2,3,7,8-TCDF 172 159 92% 0.049 129,000 1,880
1,2,3,7,8-PeCDF 172 127 74% 0.00505 8,300 86.6
2,3,4,7,8-PeCDF 172 127 74% 0.00575 3,690 47.4
1,2,3,4,7,8-HxCDF 172 144 84% 0.0078 11,300 118
1,2,3,6,7,8-HxCDF 172 120 70% 0.00815 3,750 39.2
1,2,3,7,8,9-HxCDF 172 51 30% 0.0112 242 2.31
2,3,4,6,7,8-HxCDF 172 103 60% 0.0093 646 8.31
1,2,3,4,6,7,8-HpCDF 172 152 88% 0.011 4,240 82.3
1,2,3,4,7,8,9-HpCDF 172 111 65% 0.0148 1,620 18.6
OCDF 172 153 89% 0.0221 11,300 768
TEQDF,M 172 172 100% 0.0917 50,100 743

Notes

dw = dry weight

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (TCDD) 
calculated using dioxins and furans and mammalian toxicity equivalency factors (Van den Berg et al. 
2006) with nondetects set at one-half the detection limit.

Table 6-3
Summary Statistics for Dioxin and Furan Concentrations in Soil Investigation Area 4 and Adjacent Core Soil Samples

Analyte
Number of 

Samples

  
Detected 

Measurements
Detection 
Frequency

Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.

Concentration (ng/kg dw)
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Analyte Minimum Maximum Mean
Surface Soils (0 to 6 inches)

Total PCBs (Congeners) 11 11 100% 9.1 468 162
Total PCBs (Aroclors) 10 8 80% 1.05 112 26.9
Combined Total PCBS 21 19 90% 1.05 468 97.7
Subsurface Soils  (6 to 24 inches)
Total PCBs (Congeners) 22 22 100% 0.967 838 147
Total PCBs (Aroclors) 17 13 76% 1.05 420 50.2
Combined Total PCBS 39 35 90% 0.967 838 105

Total PCBs (Congeners) 42 42 100% 0.251 6,590 619
Total PCBs (Aroclors) 45 21 47% 1.05 630 93.8
Combined Total PCBS 87 63 72% 0.251 6,590 348

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.

dw = dry weight

Soil Cores (2 feet deep and deeper)

a - PCBs were analyzed as Aroclors in samples collected in 2011 (Stations SJSB001 through SJSB010 and SJTS032 through SJTS034), and as 209 congeners in 
samples collected in 2012.  For soils analyzed for Aroclors, total PCBs was calculated as the sum of detected Aroclors. If all Aroclors were nondetected, then 
total PCBs was estimated as one-half the highest Aroclor detection limit in the sample. For samples analyzed for all 209 congeners,  the sum of all congeners 
was used, with nondetects estimated at one-half the detection limit.

Table 6-4
Summary Statistics for Total PCBa Concentrations in Soil Investigation Area 4 Surface, Subsurface, and Core Soil Samples

Number of 
Samples

Number of Detected 
Measurements

Detection 
Frequency

Concentration (µg/kg dw)
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Minimum Maximum Mean
Total High Molecular Weight PAHs (ND = 1/2DL) 11 11 100% 430 4,840 1,800
Total Low Molecular Weight PAHs (ND = 1/2DL) 10 10 100% 46.8 393 235

Acenaphthene 21 14 67% 3 51 14.7
Acenaphthylene 11 5 45% 2.6 58 16.4
Anthracene 11 9 82% 6.8 92 37.3
Benz[a]anthracene 11 11 100% 38 460 151
Benzo[a]pyrene 11 11 100% 49 540 182
Benzo[b]fluoranthene 11 11 100% 61 720 258
Benzo[ghi]perylene 11 11 100% 45 370 158
Benzo[k]fluoranthene 11 11 100% 25 250 92.1
Benzoic acid 11 0 0% 100 480 280
Benzyl alcohol 11 0 0% 4.9 24.5 14.4
Bis(2-chloroethoxy)methane 11 0 0% 2.8 14 8.15
Bis(2-chloroethyl) ether 11 0 0% 3.1 15.5 9.15
Bis(2-chloroisopropyl) ether 11 0 0% 2.8 14 8.15
Bis(2-ethylhexyl) phthalate 21 20 95% 9 3,500 444
4-Bromophenyl phenyl ether 11 0 0% 3.1 15.5 9.15
Butyl benzyl phthalate 11 7 64% 3.7 860 108
Carbazole 21 13 62% 3.8 48 17.1
4-Chloro-3-methylphenol 11 0 0% 2.9 14.5 8.57
4-Chloroaniline 11 0 0% 2.6 13 7.56
2-Chloronaphthalene 11 0 0% 3.2 16 9.31
2-Chlorophenol 11 0 0% 3 15 8.73
4-Chlorophenyl phenyl ether 11 0 0% 3.2 16 9.31
Chrysene 11 11 100% 44 570 198
Dibenz[a,h]anthracene 11 10 91% 10 85 34.1
Dibenzofuran 11 1 9% 3.4 22 11.1
3,3'-Dichlorobenzidine 11 0 0% 4.1 20.5 12.1

Table 6-5
Summary Statistics for SVOC Concentrations in Soil Investigation Area 4 and Adjacent Surface Soil Samples

Analyte
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Concentration (µg/kg dw)
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Minimum Maximum Mean

Table 6-5
Summary Statistics for SVOC Concentrations in Soil Investigation Area 4 and Adjacent Surface Soil Samples

Analyte
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Concentration (µg/kg dw)

2,4-Dichlorophenol 21 0 0% 0.5 13 4.22
Diethyl phthalate 11 0 0% 3.7 18.5 10.9
Dimethyl phthalate 11 5 45% 4 200 80.4
2,4-Dimethylphenol 11 0 0% 6.5 31.5 18.5
Di-n -butyl phthalate 11 4 36% 4.8 130 37.3
2,4-Dinitrophenol 11 0 0% 29 145 85.7
2,4-Dinitrotoluene 11 0 0% 2.5 12.5 7.41
2,6-Dinitrotoluene 11 0 0% 2.9 14.5 8.57
Di-n -octyl phthalate 11 2 18% 3.2 38 12.9
Fluoranthene 11 11 100% 57 720 292
Fluorene 21 13 62% 3.1 46 13.5
Hexachlorobenzene 21 1 5% 0.6 16.5 5.47
Hexachlorocyclopentadiene 11 0 0% 4 20 11.6
Hexachloroethane 11 0 0% 2.5 12.5 7.41
Indeno[1,2,3-cd]pyrene 11 11 100% 42 390 150
Isophorone 11 0 0% 2.8 14 8.15
2-Methyl-4,6-dinitrophenol 11 0 0% 27 135 79.9
2-Methylnaphthalene 11 5 45% 2.8 73 18.8
2-Methylphenol 11 0 0% 4.1 20.5 12.1
4-Methylphenol 11 0 0% 4.5 22.5 13.2
2-Nitroaniline 11 0 0% 3.3 16.5 9.74
3-Nitroaniline 11 0 0% 4.4 22 12.8
4-Nitroaniline 11 0 0% 3.8 19 11.1
Nitrobenzene 11 0 0% 3.4 17 9.89
2-Nitrophenol 11 0 0% 4 20 11.6
4-Nitrophenol 11 0 0% 8 38.5 22.6
N -Nitrosodi-n -propylamine 11 0 0% 3.3 16.5 9.74
N -Nitrosodiphenylamine 11 0 0% 3.2 16 9.31
Pentachlorophenol 21 0 0% 5.5 26.5 13.4
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Minimum Maximum Mean

Table 6-5
Summary Statistics for SVOC Concentrations in Soil Investigation Area 4 and Adjacent Surface Soil Samples

Analyte
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Concentration (µg/kg dw)

Phenanthrene 21 21 100% 28 450 146
Phenol 21 3 14% 1 15.5 6.20
Pyrene 11 11 100% 59 730 284
2,4,5-Trichlorophenol 21 0 0% 0.75 15 4.96
2,4,6-Trichlorophenol 21 0 0% 0.7 15 4.94

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.
DL = detection limit
dw = dry weight
ND = not detected
PAH = polycyclic aromatic hydrocarbon
SVOC = semivolatile organic compound
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Minimum Maximum Mean
Total High Molecular Weight PAHs (ND = 1/2DL) 22 22 100% 30.8 6,840 1,170
Total Low Molecular Weight PAHs (ND = 1/2DL) 22 20 91% 9.5 1,950 258

Acenaphthene 37 17 46% 0.7 120 13.3
Acenaphthylene 22 10 45% 1.3 360 31.8
Anthracene 22 13 59% 1.6 820 64.9
Benz[a]anthracene 22 20 91% 1.8 430 94.3
Benzo[a]pyrene 22 22 100% 4.3 620 116
Benzo[b]fluoranthene 22 22 100% 4.9 1,100 178
Benzo[ghi]perylene 22 21 95% 1.85 890 120
Benzo[k]fluoranthene 21 16 76% 2 340 58.0
Benzoic acid 22 0 0% 48 1,000 216
Benzyl alcohol 22 1 5% 2.45 49 11.1
Bis(2-chloroethoxy)methane 22 0 0% 1.4 28 6.24
Bis(2-chloroethyl) ether 22 0 0% 1.55 31 6.96
Bis(2-chloroisopropyl) ether 22 0 0% 1.4 28 6.24
Bis(2-ethylhexyl) phthalate 39 28 72% 3.5 1,600 257
4-Bromophenyl phenyl ether 22 0 0% 1.55 31 6.96
Butyl benzyl phthalate 22 11 50% 1.85 910 92.2
Carbazole 37 17 46% 0.65 240 17.8
4-Chloro-3-methylphenol 22 0 0% 1.45 29 6.52
4-Chloroaniline 22 0 0% 1.3 26 5.79
2-Chloronaphthalene 22 0 0% 1.6 32 7.13
2-Chlorophenol 22 0 0% 1.5 30 6.68
4-Chlorophenyl phenyl ether 22 0 0% 1.6 32 7.13
Chrysene 22 21 95% 2.05 680 124
Dibenz[a,h]anthracene 22 12 55% 1.5 210 26.3
Dibenzofuran 22 3 14% 1.7 100 13.3
3,3'-Dichlorobenzidine 22 0 0% 2.05 41 9.19

Table 6-6
Summary Statistics for SVOC Concentrations in Soil Investigation Area 4 and Adjacent Subsurface Soil Samples

Analyte
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Concentration (µg/kg dw)
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Minimum Maximum Mean

Table 6-6
Summary Statistics for SVOC Concentrations in Soil Investigation Area 4 and Adjacent Subsurface Soil Samples

Analyte
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Concentration (µg/kg dw)

2,4-Dichlorophenol 39 0 0% 0.5 26 3.56
Diethyl phthalate 22 0 0% 1.85 37 8.30
Dimethyl phthalate 22 5 23% 2 270 44.0
2,4-Dimethylphenol 22 0 0% 3.15 65 14.2
Di-n -butyl phthalate 22 4 18% 2.4 48 13.0
2,4-Dinitrophenol 22 0 0% 14.5 290 65.2
2,4-Dinitrotoluene 22 0 0% 1.25 25 5.63
2,6-Dinitrotoluene 22 0 0% 1.45 29 6.52
Di-n -octyl phthalate 22 0 0% 1.6 32 7.13
Fluoranthene 22 22 100% 5.5 870 176
Fluorene 37 16 43% 0.55 87 12.0
Hexachlorobenzene 37 1 3% 0.6 33 4.76
Hexachlorocyclopentadiene 22 0 0% 2 40 8.91
Hexachloroethane 22 0 0% 1.25 25 5.63
Indeno[1,2,3-cd]pyrene 22 21 95% 1.6 880 119
Isophorone 22 0 0% 1.4 28 6.24
2-Methyl-4,6-dinitrophenol 22 0 0% 13.5 270 60.7
2-Methylnaphthalene 22 8 36% 1.4 160 19.6
2-Methylphenol 22 0 0% 2.05 41 9.19
4-Methylphenol 22 0 0% 2.25 45 10.1
2-Nitroaniline 22 0 0% 1.65 33 7.41
3-Nitroaniline 22 0 0% 2.2 44 9.80
4-Nitroaniline 22 0 0% 1.9 38 8.46
Nitrobenzene 22 0 0% 1.7 34 7.57
2-Nitrophenol 22 0 0% 2 40 8.91
4-Nitrophenol 21 0 0% 3.85 80 18.0
N -Nitrosodi-n -propylamine 22 0 0% 1.65 33 7.41
N -Nitrosodiphenylamine 22 0 0% 1.6 32 7.13
Pentachlorophenol 38 0 0% 2.65 55 12.9
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Minimum Maximum Mean

Table 6-6
Summary Statistics for SVOC Concentrations in Soil Investigation Area 4 and Adjacent Subsurface Soil Samples

Analyte
Number of 

Samples
Number of Detected 

Measurements
Detection 
Frequency

Concentration (µg/kg dw)

Phenanthrene 37 34 92% 0.7 620 109
Phenol 39 3 8% 1 31 4.83
Pyrene 22 22 100% 5.3 820 165
2,4,5-Trichlorophenol 39 0 0% 0.75 30 4.21
2,4,6-Trichlorophenol 39 0 0% 0.7 30 4.18

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.
DL = detection limit
dw = dry weight
ND = not detected
PAH = polycyclic aromatic hydrocarbon
SVOC = semivolatile organic compound
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Minimum Maximum Mean
Total High Molecular Weight PAHs (ND = 1/2DL) 32 20 63% 18 9,270 932
Total Low Molecular Weight PAHs (ND = 1/2DL) 31 19 61% 9.41 2,970 302

Acenaphthene 77 35 45% 0.7 370 49.9
Acenaphthylene 32 10 31% 1.3 220 32.2
Anthracene 32 11 34% 1.6 540 62.0
Benz[a]anthracene 32 12 38% 1.8 900 84.1
Benzo[a]pyrene 32 10 31% 1.8 560 64.3
Benzo[b]fluoranthene 32 14 44% 1.7 830 85.9
Benzo[ghi]perylene 32 11 34% 1.85 490 59.9
Benzo[k]fluoranthene 32 6 19% 2 230 32.6
Benzoic acid 31 0 0% 48 1,200 471
Benzyl alcohol 31 1 3% 2.45 65 24.8
Bis(2-chloroethoxy)methane 32 0 0% 1.4 35 13.2
Bis(2-chloroethyl) ether 32 0 0% 1.55 39 14.7
Bis(2-chloroisopropyl) ether 32 0 0% 1.4 35 13.2
Bis(2-ethylhexyl) phthalate 77 41 53% 3.5 26,000 809
4-Bromophenyl phenyl ether 32 0 0% 1.55 39 14.7
Butyl benzyl phthalate 32 10 31% 1.85 1,800 94.2
Carbazole 77 17 22% 0.65 150 14.5
4-Chloro-3-methylphenol 31 0 0% 1.45 36.5 14.2
4-Chloroaniline 32 1 3% 1.3 110 14.7
2-Chloronaphthalene 32 0 0% 1.6 40 15.1
2-Chlorophenol 31 0 0% 1.5 37.5 14.6
4-Chlorophenyl phenyl ether 32 0 0% 1.6 40 15.1
Chrysene 32 12 38% 2.05 1,700 125
Dibenz[a,h]anthracene 32 4 13% 1.5 150 19.6
Dibenzofuran 32 1 3% 1.7 42.5 16.2

Table 6-7
Summary Statistics for SVOC Concentrations in Soil Investigaton Area 4 and Adjacent Subsurface Core Soil Samples 

Analyte
Number of 

Samples

  
Detected 

Measurements
Detection 
Frequency

Concentration (µg/kg dw)
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Table 6-7
Summary Statistics for SVOC Concentrations in Soil Investigaton Area 4 and Adjacent Subsurface Core Soil Samples 

Analyte
Number of 

Samples

  
Detected 

Measurements
Detection 
Frequency

Concentration (µg/kg dw)

3,3'-Dichlorobenzidine 32 0 0% 2.05 55 20.2
2,4-Dichlorophenol 76 0 0% 0.5 50 6.66
Diethyl phthalate 32 0 0% 1.85 46.5 17.6
Dimethyl phthalate 32 9 28% 2 1,900 131
2,4-Dimethylphenol 31 0 0% 3.15 80 31.1
Di-n -butyl phthalate 32 8 25% 2.4 1,100 68.7
2,4-Dinitrophenol 31 0 0% 14.5 365 142
2,4-Dinitrotoluene 32 0 0% 1.25 31.5 11.9
2,6-Dinitrotoluene 32 0 0% 1.45 36.5 13.8
Di-n -octyl phthalate 32 1 3% 1.6 62 16.6
Fluoranthene 32 17 53% 1.85 1,800 182
Fluorene 77 35 45% 0.55 1,300 62.0
Hexachlorobenzene 77 1 1% 0.6 60 8.98
Hexachlorocyclopentadiene 32 0 0% 2 50 18.9
Hexachloroethane 32 0 0% 1.25 31.5 11.9
Indeno[1,2,3-cd]pyrene 32 11 34% 1.6 310 43.6
Isophorone 32 0 0% 1.4 35 13.2
2-Methyl-4,6-dinitrophenol 31 0 0% 13.5 340 132
2-Methylnaphthalene 32 7 22% 1.4 200 30.5
2-Methylphenol 31 0 0% 2.05 55 20.8
4-Methylphenol 31 1 3% 2.25 200 27.3
2-Nitroaniline 32 0 0% 1.65 41.5 15.7
3-Nitroaniline 32 0 0% 2.2 55 20.8
4-Nitroaniline 32 0 0% 1.9 47.5 18.0
Nitrobenzene 32 0 0% 1.7 42.5 16.1
2-Nitrophenol 31 0 0% 2 50 19.5
4-Nitrophenol 31 0 0% 3.85 100 38.6
N -Nitrosodi-n -propylamine 32 0 0% 1.65 41.5 15.7
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Table 6-7
Summary Statistics for SVOC Concentrations in Soil Investigaton Area 4 and Adjacent Subsurface Core Soil Samples 

Analyte
Number of 

Samples

  
Detected 

Measurements
Detection 
Frequency

Concentration (µg/kg dw)

N -Nitrosodiphenylamine 32 1 3% 1.6 650 35.1
Pentachlorophenol 76 0 0% 2.65 1,000 54.2
Phenanthrene 77 53 69% 0.7 2,200 174
Phenol 76 11 14% 1 300 18.6
Pyrene 32 19 59% 1.85 2,300 235
2,4,5-Trichlorophenol 76 0 0% 0.75 75 8.75
2,4,6-Trichlorophenol 76 0 0% 0.7 70 8.57

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.
DL = detection limit
dw = dry weight
ND = not detected
PAH = polycyclic aromatic hydrocarbon
SVOC = semivolatile organic compound
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Minimum Maximum Mean
BTEX 10 10 100% 2.02 44 12.7
Sum of chlorinated VOCs (ND = 0) 10 4 40% 0 5.7 0.679

Acetone 10 7 70% 29 240 100
Benzene 10 10 100% 0.73 17 4.21
Bromobenzene 10 0 0% 0.044 0.08 0.0537
Bromochloromethane 10 0 0% 0.12 0.215 0.146
Bromodichloromethane 10 0 0% 0.08 0.145 0.0975
Bromoform 10 0 0% 0.07 0.13 0.0860
Bromomethane 10 3 30% 0.1 2.5 0.429
2-Butanone 10 8 80% 6 39 15.4
n -Butylbenzene 10 1 10% 0.0345 0.32 0.0701
sec -Butylbenzene 10 0 0% 0.037 0.07 0.0448
tert -Butylbenzene 10 0 0% 0.07 0.13 0.0860
Carbon disulfide 10 9 90% 0.48 20 6.11
Carbon tetrachloride 10 0 0% 0.047 0.085 0.0572
Chlorobenzene 10 1 10% 0.0325 0.17 0.0530
Chloroethane 10 1 10% 0.37 1.6 0.564
Chloroform 20 1 5% 0.055 0.48 0.0878
Chloromethane 10 1 10% 0.09 4.1 0.740
2-Chlorotoluene 10 0 0% 0.06 0.11 0.0740
4-Chlorotoluene 10 0 0% 0.044 0.08 0.0537
1,2-Dibromo-3-chloropropane 10 0 0% 0.2 0.36 0.240
Dibromochloromethane 10 0 0% 0.09 0.165 0.110
1,2-Dibromoethane 10 0 0% 0.047 0.085 0.0572
Dibromomethane 10 0 0% 0.14 0.255 0.169
1,2-Dichlorobenzene 20 0 0% 0.0385 0.07 0.0457
1,3-Dichlorobenzene 20 0 0% 0.047 0.085 0.0574

Table 6-8
Summary Statistics for VOC Concentrations in Soil Investigation Area 4 Surface Soil Samples

Number of 
Samples

Number of Detected 
Measurements

Detection 
FrequencyAnalyte

Concentration (µg/kg dw)
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Table 6-8
Summary Statistics for VOC Concentrations in Soil Investigation Area 4 Surface Soil Samples

Number of 
Samples

Number of Detected 
Measurements

Detection 
FrequencyAnalyte

Concentration (µg/kg dw)

1,4-Dichlorobenzene 20 0 0% 0.043 0.08 0.0520
Dichlorodifluoromethane 10 0 0% 0.06 0.11 0.0740
1,1-Dichloroethane 10 0 0% 0.06 0.11 0.0740
1,2-Dichloroethane 10 0 0% 0.035 0.065 0.0422
1,1-Dichloroethene 10 0 0% 0.125 0.225 0.152
cis -1,2-Dichloroethene 10 0 0% 0.06 0.11 0.0740
trans -1,2-Dichloroethene 10 1 10% 0.06 0.44 0.112
1,2-Dichloropropane 10 0 0% 0.065 0.12 0.0800
1,3-Dichloropropane 10 0 0% 0.06 0.11 0.0740
2,2-Dichloropropane 10 0 0% 0.049 0.09 0.0603
1,1-Dichloropropene 10 0 0% 0.065 0.12 0.0800
cis -1,3-Dichloropropene 10 0 0% 0.065 0.12 0.0800
trans -1,3-Dichloropropene 10 0 0% 0.055 0.1 0.0675
Ethylbenzene 10 8 80% 0.047 4 1.42
Hexachlorobutadiene 10 0 0% 0.2 0.36 0.240
2-Hexanone 10 0 0% 0.465 0.85 0.571
Isopropylbenzene 10 3 30% 0.0405 0.6 0.171
4-Isopropyltoluene 10 2 20% 0.032 0.19 0.0672
4-Methyl-2-pentanone 10 0 0% 0.9 1.65 1.10
Methylene chloride 10 0 0% 1.55 3.35 2.43
Naphthalene 20 11 55% 0.1 30 4.08
n -Propylbenzene 10 3 30% 0.065 0.61 0.182
Styrene 10 0 0% 0.07 0.13 0.0860
1,1,1,2-Tetrachloroethane 10 0 0% 0.055 0.1 0.0675
1,1,2,2-Tetrachloroethane 10 0 0% 0.065 0.12 0.0800
Tetrachloroethene 10 0 0% 0.08 0.145 0.0975
Toluene 10 8 80% 0.75 17 4.73
1,2,3-Trichlorobenzene 20 0 0% 0.095 0.175 0.115
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Table 6-8
Summary Statistics for VOC Concentrations in Soil Investigation Area 4 Surface Soil Samples

Number of 
Samples

Number of Detected 
Measurements

Detection 
FrequencyAnalyte

Concentration (µg/kg dw)

1,2,4-Trichlorobenzene 20 0 0% 0.065 0.12 0.0790
1,1,2-Trichloroethane 10 0 0% 0.075 0.135 0.0910
1,1,1-Trichloroethane 10 0 0% 0.055 0.1 0.0675
Trichloroethene 10 0 0% 0.075 0.135 0.0910
Trichlorofluoromethane 10 0 0% 0.0425 0.08 0.0519
1,2,3-Trichloropropane 10 0 0% 0.225 0.405 0.270
1,2,4-Trimethylbenzene 10 6 60% 0.027 1 0.377
1,3,5-Trimethylbenzene 10 3 30% 0.046 0.46 0.149
Vinyl chloride 10 0 0% 0.09 0.165 0.110
o -Xylene 10 5 50% 0.0405 1.9 0.725
m,p -Xylenes 10 10 100% 0.38 4.1 1.79

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.
BTEX = benzene, toluene, ethylbenzene, xylenes 
DL = detection limit
dw = dry weight
ND = not detected
PAH = polycyclic aromatic hydrocarbon
VOC = volatile organic compound
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Minimum Maximum Mean
BTEX 22 22 100% 0.86 244 38.0
Sum of chlorinated VOCs (ND = 0) 22 9 41% 0 9.11 1.09

Acetone 22 11 50% 17.5 330 82.5
Benzene 22 22 100% 0.28 73 11.7
Bromobenzene 22 0 0% 0.044 0.08 0.0528
Bromochloromethane 22 0 0% 0.12 0.21 0.142
Bromodichloromethane 22 0 0% 0.08 0.14 0.0957
Bromoform 22 0 0% 0.07 0.125 0.0843
Bromomethane 22 2 9% 0.1 2.3 0.226
2-Butanone 22 17 77% 2.1 50 17.3
n -Butylbenzene 22 9 41% 0.0345 0.96 0.174
sec -Butylbenzene 22 6 27% 0.037 0.58 0.102
tert -Butylbenzene 22 1 5% 0.07 0.23 0.0916
Carbon disulfide 22 21 95% 0.295 83 12.1
Carbon tetrachloride 22 0 0% 0.047 0.085 0.0568
Chlorobenzene 22 1 5% 0.0325 0.21 0.0467
Chloroethane 22 1 5% 0.37 1 0.463
Chloroform 39 3 8% 0.055 3.5 0.218
Chloromethane 22 5 23% 0.09 5.2 0.594
2-Chlorotoluene 22 0 0% 0.06 0.55 0.128
4-Chlorotoluene 22 0 0% 0.044 0.08 0.0528
1,2-Dibromo-3-chloropropane 22 0 0% 0.2 0.345 0.236
Dibromochloromethane 22 0 0% 0.09 0.155 0.107
1,2-Dibromoethane 22 0 0% 0.047 0.085 0.0568
Dibromomethane 22 0 0% 0.14 0.245 0.166
1,2-Dichlorobenzene 39 0 0% 0.0385 0.07 0.0460
1,3-Dichlorobenzene 39 0 0% 0.047 0.085 0.0573

Table 6-9
Summary Statistics for VOC Concentrations in Soil Investigation Area 4 and Adjacent Subsurface Soil Samples

Number of 
Samples

Number of Detected 
Measurements

Detection 
FrequencyAnalyte

Concentration (µg/kg dw)
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Table 6-9
Summary Statistics for VOC Concentrations in Soil Investigation Area 4 and Adjacent Subsurface Soil Samples

Number of 
Samples

Number of Detected 
Measurements

Detection 
FrequencyAnalyte

Concentration (µg/kg dw)

1,4-Dichlorobenzene 39 0 0% 0.043 0.075 0.0520
Dichlorodifluoromethane 22 0 0% 0.06 0.105 0.0718
1,1-Dichloroethane 22 0 0% 0.06 0.105 0.0718
1,2-Dichloroethane 22 0 0% 0.035 0.065 0.0418
1,1-Dichloroethene 22 0 0% 0.125 0.215 0.148
cis -1,2-Dichloroethene 22 0 0% 0.06 0.105 0.0718
trans -1,2-Dichloroethene 22 1 5% 0.06 0.388 0.0847
1,2-Dichloropropane 22 0 0% 0.065 0.115 0.0780
1,3-Dichloropropane 22 0 0% 0.06 0.105 0.0718
2,2-Dichloropropane 22 2 9% 0.049 0.59 0.102
1,1-Dichloropropene 22 0 0% 0.065 0.115 0.0780
cis -1,3-Dichloropropene 22 0 0% 0.065 0.115 0.0780
trans -1,3-Dichloropropene 22 0 0% 0.055 0.095 0.0661
Ethylbenzene 22 20 91% 0.047 25 4.09
Hexachlorobutadiene 22 0 0% 0.2 0.345 0.236
2-Hexanone 22 1 5% 0.465 4.6 0.802
Isopropylbenzene 22 11 50% 0.0405 2.5 0.371
4-Isopropyltoluene 22 13 59% 0.032 0.73 0.179
4-Methyl-2-pentanone 22 1 5% 0.9 2.4 1.14
Methylene chloride 22 0 0% 0.9 6.5 2.59
Naphthalene 37 19 51% 0.075 50 6.59
n -Propylbenzene 22 12 55% 0.065 2.5 0.490
Styrene 22 5 23% 0.07 1.4 0.254
1,1,1,2-Tetrachloroethane 22 0 0% 0.055 0.095 0.0661
1,1,2,2-Tetrachloroethane 22 0 0% 0.065 0.115 0.0780
Tetrachloroethene 22 0 0% 0.08 0.14 0.0957
Toluene 22 22 100% 0.37 110 16.6
1,2,3-Trichlorobenzene 39 0 0% 0.095 0.165 0.114
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Table 6-9
Summary Statistics for VOC Concentrations in Soil Investigation Area 4 and Adjacent Subsurface Soil Samples

Number of 
Samples

Number of Detected 
Measurements

Detection 
FrequencyAnalyte

Concentration (µg/kg dw)

1,2,4-Trichlorobenzene 39 0 0% 0.065 0.115 0.0787
1,1,2-Trichloroethane 22 0 0% 0.075 0.13 0.0898
1,1,1-Trichloroethane 22 0 0% 0.055 0.095 0.0661
Trichloroethene 22 2 9% 0.075 3.4 0.261
Trichlorofluoromethane 22 0 0% 0.0425 0.075 0.0510
1,2,3-Trichloropropane 22 0 0% 0.225 0.39 0.266
1,2,4-Trimethylbenzene 22 17 77% 0.027 3.8 0.759
1,3,5-Trimethylbenzene 22 9 41% 0.046 1.3 0.268
Vinyl chloride 22 0 0% 0.09 0.155 0.107
o -Xylene 22 15 68% 0.0405 11 1.76
m,p -Xylenes 22 21 95% 0.05 25 3.90

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.
BTEX = benzene, toluene, ethylbenzene, xylenes 
DL = detection limit
dw = dry weight
ND = not detected
PAH = polycyclic aromatic hydrocarbon
VOC = volatile organic compound
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BTEX 40 39 98% 0 607 56.6
Sum of chlorinated VOCs (ND = 0) 40 23 58% 0 103 11.5

Acetone 40 20 50% 9 1,600 182
Benzene 40 37 93% 0.027 69 11.9
Bromobenzene 40 0 0% 0.044 12 0.363
Bromochloromethane 40 0 0% 0.12 16 0.569
Bromodichloromethane 40 0 0% 0.08 9 0.338
Bromoform 40 0 0% 0.07 16 0.499
Bromomethane 40 1 3% 0.1 10 0.397
2-Butanone 40 29 73% 1.1 320 38.3
n -Butylbenzene 40 10 25% 0.0345 450 12.3
sec -Butylbenzene 40 15 38% 0.037 730 19.0
tert -Butylbenzene 40 2 5% 0.07 180 4.75
Carbon disulfide 40 35 88% 0.055 55 11.9
Carbon tetrachloride 40 2 5% 0.047 9.5 0.427
Chlorobenzene 40 11 28% 0.0325 11 0.900
Chloroethane 40 0 0% 0.37 16 0.926
Chloroform 85 12 14% 0.055 100 3.27
Chloromethane 40 3 8% 0.09 7 0.329
2-Chlorotoluene 40 0 0% 0.06 10 0.392
4-Chlorotoluene 40 0 0% 0.044 13 0.388
1,2-Dibromo-3-chloropropane 40 0 0% 0.2 20 0.783
Dibromochloromethane 40 0 0% 0.09 14 0.477
1,2-Dibromoethane 40 0 0% 0.047 10 0.317
Dibromomethane 40 0 0% 0.14 15 0.572
1,2-Dichlorobenzene 85 17 20% 0.0385 94 2.94
1,3-Dichlorobenzene 85 26 31% 0.047 330 19.1
1,4-Dichlorobenzene 85 22 26% 0.043 50 3.16
Dichlorodifluoromethane 40 0 0% 0.06 13 0.411

Table 6-10
Summary Statistics for VOCs in Soil Investigation Area 4 and Adjacent Core Soil Samples

Number of 
Samples

Number of Detected 
Measurements

Detection 
FrequencyAnalyte

Concentration (µg/kg dw)
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Table 6-10
Summary Statistics for VOCs in Soil Investigation Area 4 and Adjacent Core Soil Samples

Number of 
Samples

Number of Detected 
Measurements

Detection 
FrequencyAnalyte

Concentration (µg/kg dw)

1,1-Dichloroethane 40 0 0% 0.06 8 0.286
1,2-Dichloroethane 40 0 0% 0.035 8 0.253
1,1-Dichloroethene 40 0 0% 0.125 8 0.376
cis -1,2-Dichloroethene 40 1 3% 0.06 7 0.436
trans -1,2-Dichloroethene 40 3 8% 0.06 7.5 0.319
1,2-Dichloropropane 40 0 0% 0.065 9.5 0.330
1,3-Dichloropropane 40 0 0% 0.06 14 0.436
2,2-Dichloropropane 40 0 0% 0.049 6 0.220
1,1-Dichloropropene 40 0 0% 0.065 9 0.318
cis -1,3-Dichloropropene 40 0 0% 0.065 18 0.543
trans -1,3-Dichloropropene 40 0 0% 0.055 7 0.254
Ethylbenzene 40 18 45% 0.047 120 6.34
Hexachlorobutadiene 40 0 0% 0.2 11 0.558
2-Hexanone 40 0 0% 0.465 265 9.07
Isopropylbenzene 40 22 55% 0.0405 17,000 427
4-Isopropyltoluene 40 25 63% 0.032 630 22.1
4-Methyl-2-pentanone 40 2 5% 0.9 255 7.73
Methylene chloride 40 0 0% 1.1 36 3.43
Naphthalene 85 34 40% 0.065 170 14.2
n -Propylbenzene 40 15 38% 0.065 280 9.23
Styrene 40 3 8% 0.07 9 0.364
1,1,1,2-Tetrachloroethane 40 0 0% 0.055 11 0.354
1,1,2,2-Tetrachloroethane 40 0 0% 0.065 16 0.493
Tetrachloroethene 40 0 0% 0.08 10 0.363
Toluene 40 37 93% 0.08 71 8.43
1,2,3-Trichlorobenzene 85 0 0% 0.095 11 0.347
1,2,4-Trichlorobenzene 85 5 6% 0.065 18 0.961
1,1,2-Trichloroethane 40 0 0% 0.075 14 0.456
1,1,1-Trichloroethane 40 0 0% 0.055 7.5 0.266
Trichloroethene 40 2 5% 0.075 10 0.467
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Table 6-10
Summary Statistics for VOCs in Soil Investigation Area 4 and Adjacent Core Soil Samples

Number of 
Samples

Number of Detected 
Measurements

Detection 
FrequencyAnalyte

Concentration (µg/kg dw)

Trichlorofluoromethane 40 1 3% 0.0425 12 0.379
1,2,3-Trichloropropane 40 0 0% 0.225 20 0.817
1,2,4-Trimethylbenzene 40 24 60% 0.027 16 2.44
1,3,5-Trimethylbenzene 40 19 48% 0.046 9 1.21
Vinyl chloride 40 2 5% 0.09 7.5 0.407
o -Xylene 40 25 63% 0.0405 120 8.68
m,p -Xylenes 40 28 70% 0.05 270 22.2

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.
BTEX = benzene, toluene, ethylbenzene, xylenes 
DL = detection limit
dw = dry weight
ND = not detected
PAH = polycyclic aromatic hydrocarbon
VOC = volatile organic compound
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Analyte Minimum Maximum Mean
Surface Soils (0 to 6 inches)

Cadmium 22 22 100% 0.1 6.96 0.97
Chromium 22 22 100% 4.16 86.3 29
Copper 22 22 100% 6.9 1,990 200
Lead 22 22 100% 10.6 896 120
Zinc 22 22 100% 39.9 8,050 1,100

Subsurface Soils  (6 to 24 inches)
Cadmium 39 36 92% 0.016 4.56 0.75
Chromium 39 39 100% 5.56 215 34
Copper 39 39 100% 3.75 1,640 190
Lead 39 39 100% 8.7 748 110
Zinc 39 39 100% 22.3 6,620 970

Soil Cores (2 feet deep and deeper)
Cadmium 77 63 82% 0.0105 6.43 0.61
Chromium 77 77 100% 1.46 325 31
Copper 77 77 100% 1.3 867 48
Lead 77 77 100% 3 454 87
Zinc 77 77 100% 4.6 1,870 270

Notes
Mean calculations include detected and nondetected values.  Nondetected values were set to one-half the detection limit.
COC = chemical of concern
dw = dry weight

Table 6-11
Summary Statistics for Selected Metals Concentrations in Soil Investigation Area 4 and Adjacent Surface, Subsurface, and Core Soil Samples

Number of 
Samples

Number of Detected 
Measurements

Detection 
Frequency

Concentration (mg/kg dw)
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Location ID
Sample Date

X coord
Y coord

 GWGW lng  GWGWClass3

Total Dissolved Solids -- -- 2,730 1,520 5,040
Total Suspended Solids -- -- 63 77.5 22

Aluminum 73 7,300 0.0245 J 1.22 0.191 J
Arsenic 0.01 1 0.002 U 0.0105 J 0.00305 J
Barium 2 200 0.245 J 0.25 0.256 J
Chromium 0.1 10 0.0015 J 0.00298 J 0.0023 J
Cobalt 0.0219 2.19 0.00465 0.00307 0.00152 J
Copper 1.3 130 0.00315 U 0.00355 J 0.0087 J
Lead 0.015 1.5 0.002 U 0.00933 J 0.00315 J
Magnesium -- -- 176 J 41.4 J 184 J
Manganese 10.22 1,022 2.21 2.04 2.29
Mercury 0.002 0.2 1.00x10-5 U 4.00x10-5 J 1.50x10-5 U
Nickel 1.46 146 0.00035 U 0.00135 J 0.00035 U
Thallium 0.002 0.2 6.60x10-5 J 5.40x10-5 J 5.55x10-5 J
Vanadium 0.1314 13.14 0.0071 0.00583 0.0071
Zinc 21.9 2,190 0.0016 J 0.0126 0.0153

Aluminum -- -- 0.0212 J 0.011 J 0.609 J
Arsenic -- -- 0.002 U 0.0094 J 0.002 U
Barium -- -- 0.782 J 0.243 0.776 J
Chromium -- -- 0.0003 UJ 0.0003 U 0.0007 J
Cobalt -- -- 0.005 0.00288 0.00156
Copper -- -- 0.0014 U 0.0011 J 0.002 U
Lead -- -- 0.002 U 0.002 U 0.0068 J
Magnesium -- -- 85.3 J 42 J 82.7 J
Manganese -- -- 2.26 2.07 2.23
Nickel -- -- 0.0029 J 0.001 J 0.0035 J

SJMW001 SJMW002 SJMW003
5/1/2012 5/2/2012 5/1/2012

13856906.77 13856578.22 13856486.95

Metals (mg/L)

Dissolved Metals (mg/L)

Conventionals (mg/L)

Groundwater Analytical Results for Each Monitoring Well in Soil Investigation Area 4a
Table 6-12

3215983.16 3215744.173216109.79
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Location ID
Sample Date

X coord
Y coord

 GWGW lng  GWGWClass3

SJMW001 SJMW002 SJMW003
5/1/2012 5/2/2012 5/1/2012

13856906.77 13856578.22 13856486.95

 

Groundwater Analytical Results for Each Monitoring Well in Soil Investigation Area 4a
Table 6-12

3215983.16 3215744.173216109.79

Thallium -- -- 5.20x10-5 J 5.00x10-6 U 1.50x10-5 U
Vanadium -- -- 0.0084 0.00385 0.0094
Zinc -- -- 0.0029 J 0.0036 J 0.0075 J

2-Methylnaphthalene 292 29,200 0.1 J 0.014 U 0.0145 U
Acenaphthene 4,380 438,000 0.35 0.089 J 0.014 U
Acenaphthylene 4,380 438,000 0.008 U 0.0175 J 0.021 J
Anthracene 21,900 2,190,000 0.16 J 0.255 0.19 J
Chrysene 280 28,000 0.015 U 0.0235 J 0.015 U
Fluoranthene 2,920 292,000 0.11 J 0.0105 U 0.028 J
Fluorene 2,920 292,000 0.074 J 0.042 J 0.0145 U
Naphthalene 1,460 146,000 0.12 UJ 0.044 U 0.044 UJ
Phenanthrene 2,190 219,000 0.069 J 0.0252 J 0.031 J
Pyrene 2,190 219,000 0.12 J 0.0325 J 0.0105 U

1,3-Dichlorobenzene 2,190 219,000 0.86 0.05 U 0.05 U
2,4-Dinitrophenol 146 14,600 0.09 UJ 0.09 UJ 0.095 U
4-Methylphenol 365 36,500 1.3 0.065 U 0.065 U
Benzoic acid 292,000 29,200,000 7 2.65 J 4.3 J
Benzyl alcohol 7,300 730,000 0.37 J 0.0587 J 0.039 U
bis(2-Ethylhexyl)phthalate 6 600 0.07 U 0.07 U 0.2 J
Dimethyl phthalate 58,400 5,840,000 0.011 U 0.019 J 0.0115 U
N-Nitrosodiphenylamine 417 41,700 0.14 J 0.0245 U 0.43
Phenol 21,900 2,190,000 0.24 J 0.115 J 0.08 J
Carbazole 102.2 10,220 0.059 J 0.0242 J 0.01 U

Pentachlorophenol 1 100 0.18 UJ 0.175 UJ 0.185 U

1,1,2,2-Tetrachloroethane 10.2 1,020 0.51 0.08 U 0.08 U

Polycyclic Aromatic Hydrocarbons (µg/L)

Semivolatile Organics (µg/L)

Phenols (µg/L)

Volatile Organic Compounds (µg/L)
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Location ID
Sample Date

X coord
Y coord

 GWGW lng  GWGWClass3

SJMW001 SJMW002 SJMW003
5/1/2012 5/2/2012 5/1/2012

13856906.77 13856578.22 13856486.95

 

Groundwater Analytical Results for Each Monitoring Well in Soil Investigation Area 4a
Table 6-12

3215983.16 3215744.173216109.79

1,2,4-Trimethylbenzene 3,650 365,000 0.33 J 0.11 J 0.0345 U
1,3,5-Trimethylbenzene 3,650 365,000 0.12 J 0.0445 U 0.0445 U
2-Butanone 43,800 4,380,000 3.1 J 0.95 U 0.95 U
4-Isopropyl toluene 7,300 730,000 0.03 U 0.26 J 0.03 U
Acetone 65,700 6,570,000 17 J 3.85 U 3.8 J
Benzene 5 500 5 0.12 J 0.07 J
Bromochloromethane 2,920 292,000 0.23 J 0.08 U 0.08 U
Bromodichloromethane 33 3,300 0.85 0.225 J 0.1 J
Bromoform 259 25,900 1 0.32 J 0.08 U
Carbon disulfide 7,300 730,000 0.53 0.0522 J 0.24 J
Chlorobenzene 100 10,000 0.23 J 0.055 U 0.055 U
Chloroform 730 73,000 0.52 0.145 J 0.09 J
Dibromochloromethane 24.3 2,430 1.5 0.38 J 0.07 U
Dibromomethane 273 27,300 0.2 J 0.075 U 0.075 U
Ethylbenzene 700 70,000 2.3 0.025 U 0.025 U
Isopropylbenzene 7,300 730,000 0.09 J 0.1 J 0.0255 U
m,p-Xylene 10,000 1,000,000 6.6 0.165 U 0.13 J
n-Butylbenzene 3,650 365,000 0.13 J 0.0535 J 0.027 U
n-Propylbenzene 2,920 292,000 0.3 J 0.07 J 0.027 U
o-Xylene 10,000 1,000,000 3.4 0.037 U 0.037 U
Trichloroethene 5 500 0.15 J 0.645 0.16 J

Aroclor 1254 -- -- 0.086 J 0.00455 U 0.006 U
Aroclor 1260 -- -- 0.037 J 0.00545 J 0.00355 U
Total PCB Aroclorsb 500,000 50,000,000 0.123 J 0.00545 J 0.042 U

2,3,7,8-Tetrachlorodibenzo-p-dioxin 30 3,000 32.4 8.92 J 9.9 U
1,2,3,7,8-Pentachlorodibenzo-p-dioxin -- -- 0.338 U 0.347 U 0.258 U
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin -- -- 0.288 U 0.358 U 0.342 U

PCB Aroclors (µg/L)

Dioxin Furans (pg/L)
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Location ID
Sample Date

X coord
Y coord

 GWGW lng  GWGWClass3

SJMW001 SJMW002 SJMW003
5/1/2012 5/2/2012 5/1/2012

13856906.77 13856578.22 13856486.95

 

Groundwater Analytical Results for Each Monitoring Well in Soil Investigation Area 4a
Table 6-12

3215983.16 3215744.173216109.79

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin -- -- 3.16 J 0.353 U 0.337 U
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin -- -- 1.11 U 0.332 U 0.316 U
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin -- -- 56.2 22.1 J 4.59 U
Octachlorodibenzo-p-dioxin -- -- 2,070 1,740 117
2,3,7,8-Tetrachlorodibenzofuran -- -- 110 29.3 59.9
1,2,3,7,8-Pentachlorodibenzofuran -- -- 2.4 J 0.306 U 2.73 J
2,3,4,7,8-Pentachlorodibenzofuran -- -- 2.02 J 0.311 U 0.765 U
1,2,3,4,7,8-Hexachlorodibenzofuran -- -- 5.69 J 1.62 J 3.07 J
1,2,3,6,7,8-Hexachlorodibenzofuran -- -- 0.83 U 0.61 J 0.475 U
1,2,3,7,8,9-Hexachlorodibenzofuran -- -- 0.291 U 0.207 U 0.254 U
2,3,4,6,7,8-Hexachlorodibenzofuran -- -- 0.65 U 0.224 U 0.223 U
1,2,3,4,6,7,8-Heptachlorodibenzofuran -- -- 26.5 J 1.71 U 1.21 U
1,2,3,4,7,8,9-Heptachlorodibenzofuran -- -- 3.47 J 0.415 U 0.288 U
Octachlorodibenzofuran -- -- 737 42.6 J 15.2 J
TEQDF,M (ND=1/2DL) -- -- 47.3 J 13.6 J 17.1 J

Notes
DL = detection limit
J = estimated value
ND = nondetect
U = compound analyzed, but not detected above detection limit
UJ = compound analyzed, but not detected above estimated detection limit
TEF = toxicity equivalence factor
TRRP = Texas Risk Reduction Program

Bold values indicate detected concentration is greater than TRRP GWlng PCL screening level.

a - Only detected chemicals are listed.
b - ND excluded, Max DL when all ND.

TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and mammalian toxicity equivalency factors  (Van den Berg et 
al. 2006) with nondetects set at one-half the detection limit.



Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site  1 May 2013

All Data
Minimum Maximum Mean

2,3,7,8-Tetrachlorodibenzo-p-dioxin 3 2 67% 8.92 32.4 20.7
1,2,3,7,8-Pentachlorodibenzo-p-dioxin 3 0 0%
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 3 0 0%
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 3 1 33% 3.16 3.16 3.16
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 3 0 0%
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 3 2 67% 22.1 56.2 39.1
2,3,7,8-Tetrachlorodibenzofuran 3 3 100% 29.3 110 66
1,2,3,7,8-Pentachlorodibenzofuran 3 2 67% 2.4 2.73 2.56
2,3,4,7,8-Pentachlorodibenzofuran 3 1 33% 2.02 2.02 2.02
1,2,3,4,7,8-Hexachlorodibenzofuran 3 3 100% 1.62 5.69 3.46
1,2,3,6,7,8-Hexachlorodibenzofuran 3 1 33% 0.61 0.61 0.61
1,2,3,7,8,9-Hexachlorodibenzofuran 3 0 0%
2,3,4,6,7,8-Hexachlorodibenzofuran 3 0 0%
1,2,3,4,6,7,8-Heptachlorodibenzofuran 3 1 33% 26.5 26.5 26.5
1,2,3,4,7,8,9-Heptachlorodibenzofuran 3 1 33% 3.47 3.47 3.47
TEQDF,M (ND=DL) 3 3 100% 14.4 48 30
TEQDF,M (ND=1/2DL) 3 3 100% 13.6 47.3 26
TEQDF,M (ND=0) 3 3 100% 6.42 46.7 22

Aluminum 3 3 100% 0.0245 1.22 0.48
Arsenic 3 2 67% 0.00305 0.0105 0.0068
Barium 3 3 100% 0.245 0.256 0.25
Cadmium 3 0 0%
Chromium 3 3 100% 0.0015 0.00298 0.00226
Cobalt 3 3 100% 0.00152 0.00465 0.00308
Copper 3 2 67% 0.00355 0.0087 0.00613
Lead 3 2 67% 0.00315 0.00933 0.00624
Magnesium 3 3 100% 41.4 184 134
Manganese 3 3 100% 2.04 2.29 2.18
Mercury 3 1 33% 4.00x10-5 4.00x10-5 4.00x10-5

Nickel 3 1 33% 0.00135 0.00135 0.00135
Thallium 3 3 100% 5.40x10-5 6.60x10-5 5.85x10-5

Vanadium 3 3 100% 0.00583 0.0071 0.00668
Zinc 3 3 100% 0.0016 0.0153 0.0098

Detected Data
Analyte Number of Samples

Number of Detected 
Measurements Detection Frequency

Table 6-13
Summary Statistics for Chemical Concentrations in Groundwater Samples Collected from Soil Investigation Area 4

Dioxin and Furans (pg/L)

Total Metals (mg/L)
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All Data
Minimum Maximum Mean

Detected Data
Analyte Number of Samples

Number of Detected 
Measurements Detection Frequency

Table 6-13
Summary Statistics for Chemical Concentrations in Groundwater Samples Collected from Soil Investigation Area 4

   
Aluminum 3 3 100% 0.011 0.609 0.214
Arsenic 3 1 33% 0.0094 0.0094 0.0094
Barium 3 3 100% 0.243 0.782 0.6
Cadmium 3 0 0%
Chromium 3 1 33% 0.0007 0.0007 0.0007
Cobalt 3 3 100% 0.00156 0.005 0.00315
Copper 3 1 33% 0.0011 0.0011 0.0011
Lead 3 1 33% 0.0068 0.0068 0.0068
Magnesium 3 3 100% 42 85.3 70
Manganese 3 3 100% 2.07 2.26 2.19
Mercury 3 0 0%
Nickel 3 3 100% 0.001 0.0035 0.00247
Thallium 3 1 33% 5.20x10-5 5.20x10-5 5.20x10-5

Vanadium 3 3 100% 0.00385 0.0094 0.00722
Zinc 3 3 100% 0.0029 0.0075 0.00467

2-Methylnaphthalene 3 1 33% 0.1 0.1 0.1
2-Nitroaniline 3 0 0%
3-Nitroaniline 3 0 0%
4-Nitroaniline 3 0 0%
Acenaphthene 3 2 67% 0.089 0.35 0.22
Acenaphthylene 3 2 67% 0.0175 0.021 0.0192
Anthracene 3 3 100% 0.16 0.255 0.202
Benzo[a]anthracene 3 0 0%
Benzo[a]pyrene 3 0 0%
Benzo[b]fluoranthene 3 0 0%
Benzo[g,h,i]perylene 3 0 0%
Benzo[k]fluoranthene 3 0 0%
Chrysene 3 1 33% 0.0235 0.0235 0.0235
Dibenzofuran 3 0 0%
Dibenzo[a,h]anthracene 3 0 0%
Fluoranthene 3 2 67% 0.028 0.11 0.069
Fluorene 3 2 67% 0.042 0.074 0.058
Indeno[1,2,3-cd]pyrene 3 0 0%

Polycyclic Aromatic Hydrocarbons (µg/L)

Dissolved Metals (mg/L)
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All Data
Minimum Maximum Mean

Detected Data
Analyte Number of Samples

Number of Detected 
Measurements Detection Frequency

Table 6-13
Summary Statistics for Chemical Concentrations in Groundwater Samples Collected from Soil Investigation Area 4

   Naphthalene 3 0 0%
Phenanthrene 3 3 100% 0.0252 0.069 0.0418
Pyrene 3 2 67% 0.0325 0.12 0.076

Aroclor 1016 3 0 0%
Aroclor 1221 3 0 0%
Aroclor 1232 3 0 0%
Aroclor 1242 3 0 0%
Aroclor 1248 3 0 0%
Aroclor 1254 3 1 33% 0.086 0.086 0.086
Aroclor 1260 3 2 67% 0.00545 0.037 0.0212
Aroclor 1262 3 0 0%
Aroclor 1268 3 0 0%

Carbazole 3 2 67% 0.0242 0.059 0.0416

2,4,5-Trichlorophenol 3 0 0%
2,4,6-Trichlorophenol 3 0 0%
2,4-Dichlorophenol 3 0 0%
2-Chlorophenol 3 0 0%
Pentachlorophenol 3 0 0%

Total Dissolved Solids 3 3 100% 1,520 5,040 3,100
Total Suspended Solids 3 3 100% 22 77.5 54.2

1,2,4-Trichlorobenzene 3 0 0%
1,2-Dichlorobenzene 3 0 0%
1,3-Dichlorobenzene 3 1 33% 0.86 0.86 0.86
1,4-Dichlorobenzene 3 0 0%
2,2'-oxybis(1-Chloropropane) 3 0 0%
2,4-Dimethylphenol 3 0 0%
2,4-Dinitrophenol 3 0 0%
2,4-Dinitrotoluene 3 0 0%
2,6-Dinitrotoluene 3 0 0%
2-Chloronaphthalene 3 0 0%
2-Methylphenol 3 0 0%
2-Nitrophenol 3 0 0%

Semivolatile Organic Compounds (µg/L)

Polychlorinated Biphenyls (µg/L)

Pesticides (µg/L)

Phenols (µg/L)

Conventional Chemistry (mg/L)
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All Data
Minimum Maximum Mean

Detected Data
Analyte Number of Samples

Number of Detected 
Measurements Detection Frequency

Table 6-13
Summary Statistics for Chemical Concentrations in Groundwater Samples Collected from Soil Investigation Area 4

   3,3'-Dichlorobenzidine 3 0 0%
4,6-Dinitro-2-methylphenol 3 0 0%
4-Bromophenyl-phenylether 3 0 0%
4-Chloro-3-methylphenol 3 0 0%
4-Chloroaniline 3 0 0%
4-Chlorophenyl-phenyl ether 3 0 0%
4-Methylphenol 3 1 33% 1.3 1.3 1.3
4-Nitrophenol 3 0 0%
Benzoic acid 3 3 100% 2.65 7 4.65
Benzyl alcohol 3 2 67% 0.0587 0.37 0.214
Bis(2-chloroethyl)ether 3 0 0%
bis(2-Chloroethoxy)methane 3 0 0%
bis(2-Ethylhexyl)phthalate 3 1 33% 0.2 0.2 0.2
Benzyl n-butyl phthalate 3 0 0%
Diethyl phthalate 3 0 0%
Dimethyl phthalate 3 1 33% 0.019 0.019 0.019
Di-n-butyl phthalate 3 0 0%
Di-n-octylphthalate 3 0 0%
Hexachloroethane 3 0 0%
Hexachlorobenzene 3 0 0%
Hexachlorobutadiene 3 0 0%
Hexachlorocyclopentadiene 3 0 0%
Isophorone 3 0 0%
Nitrobenzene 3 0 0%
N-Nitrosodi-n-propylamine 3 0 0%
N-Nitrosodiphenylamine 3 2 67% 0.14 0.43 0.285
Phenol 3 3 100% 0.08 0.24 0.145

1,1,1,2-Tetrachloroethane 3 0 0%
1,1,1-Trichloroethane 3 0 0%
1,1,2,2-Tetrachloroethane 3 1 33% 0.51 0.51 0.51
1,1,2-Trichloroethane 3 0 0%
1,1-Dichloroethane 3 0 0%
1,1-Dichloroethene 3 0 0%
1,1-Dichloropropene 3 0 0%
1,2,3-Trichlorobenzene 3 0 0%
1,2,3-Trichloropropane 3 0 0%

Volatile Organic Compounds (µg/L)
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All Data
Minimum Maximum Mean

Detected Data
Analyte Number of Samples

Number of Detected 
Measurements Detection Frequency

Table 6-13
Summary Statistics for Chemical Concentrations in Groundwater Samples Collected from Soil Investigation Area 4

   1,2,4-Trimethylbenzene 3 2 67% 0.11 0.33 0.22
1,2-Dibromo-3-chloropropane 3 0 0%
1,2-Dibromoethane 3 0 0%
1,2-Dichloroethane 3 0 0%
1,2-Dichloropropane 3 0 0%
1,3,5-Trimethylbenzene 3 1 33% 0.12 0.12 0.12
1,3-Dichloropropane 3 0 0%
2,2-Dichloropropane 3 0 0%
2-Chlorotoluene 3 0 0%
2-Hexanone 3 0 0%
4-Chlorotoluene 3 0 0%
4-Isopropyl toluene 3 1 33% 0.26 0.26 0.26
4-Methyl-2-pentanone 3 0 0%
Acetone 3 2 67% 3.8 17 10.4
Benzene 3 3 100% 0.07 5 1.73
Bromobenzene 3 0 0%
Bromochloromethane 3 1 33% 0.23 0.23 0.23
Bromodichloromethane 3 3 100% 0.1 0.85 0.4
Bromomethane 3 0 0%
Bromoform 3 2 67% 0.32 1 0.66
Sum of benzene, toluene, ethylbenzene, and xylenes (ND = 0) 3 3 100% 0.12 17.3 5.9
Carbon disulfide 3 3 100% 0.0522 0.53 0.274
Carbon Tetrachloride 3 0 0%
Chloroform 3 3 100% 0.09 0.52 0.252
cis-1,2-Dichloroethene 3 0 0%
cis-1,3-Dichloropropene 3 0 0%
Chlorobenzene 3 1 33% 0.23 0.23 0.23
Chloroethane 3 0 0%
Chloromethane 3 0 0%
Dibromochloromethane 3 2 67% 0.38 1.5 0.94
Dibromomethane 3 1 33% 0.2 0.2 0.2
Dichlorodifluoromethane 3 0 0%
Ethylbenzene 3 1 33% 2.3 2.3 2.3
Isopropylbenzene 3 2 67% 0.09 0.1 0.09
2-Butanone 3 1 33% 3.1 3.1 3.1
m,p-Xylene 3 2 67% 0.13 6.6 3.36
Methylene Chloride 3 0 0%
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All Data
Minimum Maximum Mean

Detected Data
Analyte Number of Samples

Number of Detected 
Measurements Detection Frequency

Table 6-13
Summary Statistics for Chemical Concentrations in Groundwater Samples Collected from Soil Investigation Area 4

   n-Butylbenzene 3 2 67% 0.0535 0.13 0.092
n-Propylbenzene 3 2 67% 0.07 0.3 0.185
o-Xylene 3 1 33% 3.4 3.4 3.4
sec-Butylbenzene 3 0 0%
Styrene 3 0 0%
tert-Butylbenzene 3 0 0%
Tetrachloroethene 3 0 0%
Toluene 3 0 0%
Sum of chlorinated Volatile Organic Compounds (ND = 0) 3 3 100% 0.35 4.85 2.2
Trichloroethene 3 3 100% 0.15 0.645 0.318
trans-1,2-Dichloroethene 3 0 0%
trans-1,3-Dichloropropene 3 0 0%
Trichlorofluoromethane 3 0 0%
Vinyl Chloride 3 0 0%

Notes
DL = detection limit
ND = nondetect
TEF = toxicity equvalence factor
TEQDF,M = Toxicity equivalent for dioxins and furans calculated using mammalian toxicity equivalency factors (Van den Berg et al. 2006).
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Analyte EM1 EM2 EM3

2,3,7,8-TCDD 3.47x10-8 0.154 0.0409

1,2,3,7,8-PeCDD 4.84x10-5 0.00179 4.18x10-4

1,2,3,4,7,8-HxCDD 9.17x10-5 2.20x10-5 3.26x10-4

1,2,3,6,7,8-HxCDD 4.69x10-4 1.83x10-4 0.00164

1,2,3,7,8,9-HxCDD 2.60x10-4 5.20x10-5 0.001
1,2,3,4,6,7,8-HpCDD 0.0158 0.00736 0.0334
OCDD 0.982 0.0784 0.138
2,3,7,8-TCDF 2.16x10-6 0.624 0.0743

1,2,3,7,8-PeCDF 2.09x10-22 0.0328 1.27x10-4

2,3,4,7,8-PeCDF 4.06x10-11 0.0166 6.10x10-4

1,2,3,4,7,8-HxCDF 1.25x10-23 0.0433 5.75x10-4

1,2,3,6,7,8-HxCDF 5.57x10-20 0.0146 5.61x10-5

1,2,3,7,8,9-HxCDF 6.98x10-24 8.87x10-4 2.56x10-6

2,3,4,6,7,8-HxCDF 3.98x10-5 0.00252 3.36x10-4

1,2,3,4,6,7,8-HpCDF 0.00133 0.0172 0.0133
1,2,3,4,7,8,9-HpCDF 6.94x10-13 0.0063 7.03x10-4

OCDF 3.13x10-4 4.48x10-27 0.694

Notes
EM = end member

Table 6-14
Dioxin and Furan Composition of the Three End Members for Unmixing Models Using Only Soil 

Samples Collected South of I-10
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Location ID (depth) EM1 EM2 EM3 Residual
SJSB001(0-15.24 cm) 0.827 0.107 0.055 0.01 31.1 J
SJSB001(121.92-182.88 cm) 0.922 0 0.068 0.009 5.15 J
SJSB001(15.24-30.48 cm) 0.884 0 0.106 0.01 1.59 J
SJSB001(182.88-243.84 cm) 0.902 0 0.088 0.01 11.5 J
SJSB001(243.84-304.8 cm) 0.987 0.006 0.005 0.002 164 J
SJSB001(30.48-60.96 cm) 0.947 0 0.046 0.007 4.43 J
SJSB001(304.8-365.76 cm) 0.202 0 0.775 0.023 261 J
SJSB001(365.76-426.72 cm) 0.562 0 0.435 0.003 127 J
SJSB001(426.72-579.12 cm) 0.206 0 0.785 0.009 160 J
SJSB001(579.12-731.52 cm) 0.464 0 0.521 0.014 8.31 J
SJSB001(60.96-121.92 cm) 0.958 0.001 0.036 0.005 1.16 J
SJSB002(0-15.24 cm) 0.995 0.001 0.002 0.002 7.29 J
SJSB002(121.92-182.88 cm) 0.905 0 0.082 0.013 49.5 J
SJSB002(15.24-30.48 cm) 0.996 0.001 0.001 0.002 3.40 J
SJSB002(182.88-243.84 cm) 0.903 0 0.084 0.013 16.7 J
SJSB002(243.84-304.8 cm) 0.968 0.005 0.024 0.003 0.819 J
SJSB002(30.48-60.96 cm) 0.997 0.001 0.001 0.001 2.74 J
SJSB002(304.8-365.76 cm) 0.995 0.002 0.001 0.002 0.288 J
SJSB002(365.76-426.72 cm) 0.892 0 0.094 0.015 7.74 J
SJSB002(426.72-579.12 cm) 0.966 0.001 0.029 0.004 0.468 J
SJSB002(60.96-121.92 cm) 0.997 0.001 0 0.002 2.81 J
SJSB003(0-15.24 cm) 0.997 0.001 0 0.002 16.6 J
SJSB003(15.24-30.48 cm) 0.996 0.001 0.001 0.002 8.55 J
SJSB003(182.88-243.84 cm) 0.923 0.021 0.055 0.001 4.13 J
SJSB003(243.84-304.8 cm) 0.814 0.065 0.109 0.012 72.9 J
SJSB003(30.48-60.96 cm) 0.946 0.003 0.043 0.009 7.58 J
SJSB003(304.8-365.76 cm) 0.864 0.056 0.078 0.002 22.2 J
SJSB003(365.76-426.72 cm) 0.437 0.27 0.286 0.008 81.0 J
SJSB003(426.72-579.12 cm) 0.422 0.269 0.302 0.008 40.8 J
SJSB003(60.96-121.92 cm) 0.962 0.004 0.028 0.006 0.244 J
SJSB004(0-15.24 cm) 0.993 0.002 0.001 0.004 3.25 J
SJSB004(121.92-182.88 cm) 0.882 0 0.115 0.003 28.2 J
SJSB004(15.24-30.48 cm) 0.996 0.002 0.001 0.001 3.21 J
SJSB004(182.88-243.84 cm) 0.852 0 0.145 0.004 41.9 J
SJSB004(243.84-304.8 cm) 0.919 0 0.079 0.002 97.0 J
SJSB004(30.48-60.96 cm) 0.995 0.002 0.002 0.001 6.40 J
SJSB004(304.8-365.76 cm) 0.613 0 0.384 0.002 70.5 J
SJSB004(365.76-426.72 cm) 0.95 0.002 0.046 0.002 99.8 J
SJSB004(426.72-579.12 cm) 0.235 0 0.757 0.008 121 J
SJSB004(60.96-121.92 cm) 0.938 0.013 0.047 0.002 1.26 J

Table 6-15

Fractional Contributions of the Three End Members to Each Soil Sample Collected South of I-10

TEQDF,M (ng/kg)
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Location ID (depth) EM1 EM2 EM3 Residual

Table 6-15

Fractional Contributions of the Three End Members to Each Soil Sample Collected South of I-10

TEQDF,M (ng/kg)
SJSB005(0-15.24 cm) 0.993 0.002 0.002 0.003 3.91 J
SJSB005(121.92-182.88 cm) 0.993 0.002 0.002 0.003 9.40 J
SJSB005(15.24-30.48 cm) 0.995 0.002 0.001 0.002 9.38 J
SJSB005(182.88-243.84 cm) 0.996 0.001 0.001 0.002 6.14 J
SJSB005(243.84-304.8 cm) 0.992 0.003 0.001 0.004 4.54 J
SJSB005(30.48-60.96 cm) 0.974 0.006 0.019 0.001 3.59 J
SJSB005(304.8-365.76 cm) 0.943 0.01 0.045 0.002 56.4 J
SJSB005(365.76-426.72 cm) 0.651 0 0.338 0.011 217 J
SJSB005(426.72-487.68 cm) 0.1 0 0.868 0.032 284 J
SJSB005(60.96-121.92 cm) 0.958 0.008 0.033 0.001 29.3 J
SJSB005(853.44-975.36 cm) 0.66 0.06 0.277 0.003 5.78 J
SJSB006(0-15.24 cm) 0.9 0.024 0.071 0.005 23.7 J
SJSB006(121.92-182.88 cm) 0.835 0.069 0.089 0.007 21.5 J
SJSB006(15.24-30.48 cm) 0.859 0.051 0.084 0.007 38.8 J
SJSB006(182.88-243.84 cm) 0.457 0.215 0.321 0.007 513 J
SJSB006(30.48-60.96 cm) 0.873 0.028 0.092 0.006 15.0 J
SJSB006(365.76-426.72 cm) 0.491 0.414 0.078 0.017 67.7 J
SJSB006(426.72-579.12 cm) 0.702 0.238 0.052 0.009 14.2 J
SJSB006(60.96-121.92 cm) 0.797 0.101 0.093 0.009 59.3 J
SJSB007(0-15.24 cm) 0.939 0 0.053 0.009 6.59 J
SJSB007(121.92-182.88 cm) 0.924 0 0.063 0.013 35.8 J
SJSB007(15.24-30.48 cm) 0.945 0 0.046 0.009 2.16 J
SJSB007(182.88-243.84 cm) 0.993 0.001 0.005 0.001 13.3 J
SJSB007(30.48-60.96 cm) 0.943 0 0.048 0.009 2.86 J
SJSB007(487.68-640.08 cm) 0.216 0 0.774 0.01 239 J
SJSB007(60.96-121.92 cm) 0.919 0 0.07 0.011 38.5 J
SJSB008(0-60.96 cm) 0.917 0.017 0.062 0.004 3.26 J
SJSB008(121.92-182.88 cm) 0.796 0.096 0.1 0.008 22.9 J
SJSB008(182.88-243.84 cm) 0.436 0.46 0.09 0.014 1,880 J
SJSB008(243.84-304.8 cm) 0.29 0 0.679 0.031 84.9 J
SJSB008(304.8-365.76 cm) 0.758 0.121 0.118 0.004 3.12 J
SJSB008(365.76-426.72 cm) 0.209 0.615 0.142 0.034 1160 J
SJSB008(426.72-548.64 cm) 0.959 0.033 0.006 0.002 14.9 J
SJSB008(60.96-121.92 cm) 0.881 0.024 0.091 0.004 5.15 J
SJSB009(0-60.96 cm) 0.9 0 0.092 0.007 11.1 J
SJSB009(121.92-182.88 cm) 0.929 0.007 0.055 0.009 26.2 J
SJSB009(182.88-243.84 cm) 0.391 0.522 0.057 0.031 515 J
SJSB009(243.84-304.8 cm) 0.277 0.637 0.061 0.025 419 J
SJSB009(304.8-365.76 cm) 0.558 0.324 0.103 0.014 13.9 J
SJSB009(487.68-609.6 cm) 0.864 0.079 0.04 0.017 3.07 J
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Location ID (depth) EM1 EM2 EM3 Residual

Table 6-15

Fractional Contributions of the Three End Members to Each Soil Sample Collected South of I-10

TEQDF,M (ng/kg)
SJSB009(60.96-121.92 cm) 0.859 0.002 0.131 0.008 26.8 J
SJSB010(0-60.96 cm) 0.952 0 0.044 0.004 3.92 J
SJSB010(121.92-182.88 cm) 0.988 0.003 0.007 0.002 0.269 J
SJSB010(182.88-243.84 cm) 0.747 0.176 0.062 0.015 97.3 J
SJSB010(243.84-304.8 cm) 0.953 0.033 0.011 0.003 0.700 J
SJSB010(304.8-365.76 cm) 0.951 0 0.043 0.006 7.06 J
SJSB010(365.76-426.72 cm) 0.903 0.065 0.027 0.005 0.752 J
SJSB010(60.96-121.92 cm) 0.991 0.002 0.002 0.005 0.163 J
SJSB012(0-15.24 cm) 0.994 0.002 0.002 0.002 14.0 J
SJSB012(121.92-182.88 cm) 0.154 0.79 0.041 0.015 6,530 J
SJSB012(15.24-30.48 cm) 0.996 0.001 0.002 0.001 12.6 J
SJSB012(182.88-243.84 cm) 0.134 0.432 0.427 0.007 4,990 J
SJSB012(243.84-304.8 cm) 0.217 0 0.764 0.019 447 J
SJSB012(30.48-60.96 cm) 0.991 0.001 0.006 0.002 0.134 J
SJSB012(304.8-365.76 cm) 0.938 0.011 0.049 0.002 8.84 J
SJSB012(365.76-426.72 cm) 0.852 0.091 0.054 0.003 4.35 J
SJSB012(426.72-487.68 cm) 0.753 0.113 0.128 0.005 6.84 J
SJSB012(60.96-121.92 cm) 0.951 0.003 0.036 0.01 5.77 J
SJSB013(0-15.24 cm) 0.915 0.007 0.07 0.008 6.94 J
SJSB013(121.92-182.88 cm) 0.83 0.06 0.102 0.008 196 J
SJSB013(15.24-30.48 cm) 0.863 0.034 0.098 0.005 4.23 J
SJSB013(182.88-243.84 cm) 0.803 0.091 0.097 0.009 489 J
SJSB013(243.84-304.8 cm) 0.816 0.083 0.093 0.008 262 J
SJSB013(30.48-60.96 cm) 0.859 0.032 0.105 0.004 10.3 J
SJSB013(304.8-365.76 cm) 0.863 0.023 0.112 0.003 11.9 J
SJSB013(365.76-426.72 cm) 0.993 0.002 0.003 0.002 0.229 J
SJSB013(426.72-487.68 cm) 0.942 0.02 0.035 0.003 3.07 J
SJSB013(60.96-121.92 cm) 0.961 0.009 0.028 0.003 1.41 J
SJSB014(0-15.24 cm) 0.996 0.001 0.001 0.002 31.7 J
SJSB014(121.92-182.88 cm) 0.992 0.003 0.004 0.001 15.2 J
SJSB014(15.24-30.48 cm) 0.997 0.001 0 0.002 25.2 J
SJSB014(182.88-243.84 cm) 0.997 0.001 0 0.002 33.7 J
SJSB014(243.84-304.8 cm) 0.996 0.001 0.001 0.002 45.4 J
SJSB014(30.48-60.96 cm) 0.997 0.001 0 0.002 6.99 J
SJSB014(304.8-365.76 cm) 0.639 0.135 0.224 0.002 2,250 J
SJSB014(365.76-426.72 cm) 0.938 0.011 0.05 0.001 4.64 J
SJSB014(426.72-487.68 cm) 0.977 0.002 0.02 0.001 1.74 J
SJSB014(60.96-121.92 cm) 0.997 0.001 0 0.002 9.08 J
SJSB015(0-15.24 cm) 0.914 0.001 0.078 0.007 15.6 J
SJSB015(121.92-182.88 cm) 0.988 0.002 0.007 0.003 78.4 J
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Location ID (depth) EM1 EM2 EM3 Residual

Table 6-15

Fractional Contributions of the Three End Members to Each Soil Sample Collected South of I-10

TEQDF,M (ng/kg)
SJSB015(15.24-30.48 cm) 0.908 0.014 0.073 0.006 4.64 J
SJSB015(182.88-243.84 cm) 0.989 0.001 0.008 0.002 44.6 J
SJSB015(243.84-304.8 cm) 0.993 0.001 0.004 0.002 54.1 J
SJSB015(30.48-60.96 cm) 0.92 0.016 0.059 0.005 2.91 J
SJSB015(304.8-365.76 cm) 0.977 0.009 0.012 0.002 249 J
SJSB015(365.76-426.72 cm) 0.852 0.128 0.015 0.005 2,950 J
SJSB015(426.72-487.68 cm) 0.434 0.096 0.468 0.001 1,290 J
SJSB015(60.96-121.92 cm) 0.975 0.001 0.019 0.005 8.80 J
SJSB016(0-15.24 cm) 0.935 0.007 0.05 0.008 6.22 J
SJSB016(15.24-30.48 cm) 0.935 0.006 0.053 0.006 8.77 J
SJSB016(182.88-243.84 cm) 0.987 0 0.011 0.002 50.2 J
SJSB016(243.84-304.8 cm) 0.557 0.067 0.374 0.002 210 J
SJSB016(30.48-60.96 cm) 0.933 0.009 0.052 0.006 0.675 J
SJSB016(304.8-365.76 cm) 0.887 0.036 0.076 0.001 18.3 J
SJSB016(365.76-426.72 cm) 0.964 0.017 0.018 0.002 2.44 J
SJSB016(426.72-487.68 cm) 0.741 0.117 0.14 0.002 169 J
SJSB016(60.96-121.92 cm) 0.963 0.002 0.031 0.004 13.4 J
SJSB017(0-15.24 cm) 0.883 0 0.109 0.008 14.2 J
SJSB017(121.92-182.88 cm) 0.957 0.001 0.035 0.007 20.2 J
SJSB017(15.24-30.48 cm) 0.874 0 0.117 0.009 19.3 J
SJSB017(182.88-243.84 cm) 0.952 0.001 0.038 0.01 9.99 J
SJSB017(30.48-60.96 cm) 0.894 0.002 0.095 0.009 15.7 J
SJSB017(304.8-365.76 cm) 0.979 0.003 0.015 0.003 2.42 J
SJSB017(365.76-426.72 cm) 0.989 0.008 0.001 0.002 1.06 J
SJSB017(426.72-487.68 cm) 0.976 0.003 0.017 0.004 2.51 J
SJSB017(60.96-121.92 cm) 0.859 0.031 0.103 0.007 27.0 J
SJSB018(0-15.24 cm) 0.927 0 0.067 0.007 18.4 J
SJSB018(15.24-30.48 cm) 0.943 0 0.052 0.005 29.6 J
SJSB018(182.88-243.84 cm) 0.924 0.018 0.052 0.006 31.2 J
SJSB018(30.48-60.96 cm) 0.896 0 0.093 0.012 43.1 J
SJSB018(304.8-365.76 cm) 0.962 0.006 0.027 0.005 1.70 J
SJSB018(365.76-426.72 cm) 0.985 0.004 0.008 0.003 0.684 J
SJSB018(426.72-487.68 cm) 0.943 0.012 0.039 0.006 0.543 J
SJSB018(60.96-121.92 cm) 0.941 0 0.053 0.007 22.2 J
SJSB019(0-15.24 cm) 0.917 0 0.073 0.01 9.95 J
SJSB019(121.92-182.88 cm) 0.958 0.001 0.029 0.013 13.4 J
SJSB019(15.24-30.48 cm) 0.943 0.001 0.049 0.008 12.8 J
SJSB019(182.88-243.84 cm) 0.964 0.006 0.022 0.008 26.7 J
SJSB019(243.84-304.8 cm) 0.001 0.978 0.016 0.005 50,100 J
SJSB019(30.48-60.96 cm) 0.942 0 0.05 0.008 12.6 J
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Location ID (depth) EM1 EM2 EM3 Residual

Table 6-15

Fractional Contributions of the Three End Members to Each Soil Sample Collected South of I-10

TEQDF,M (ng/kg)
SJSB019(304.8-365.76 cm) 0.205 0 0.791 0.004 378 J
SJSB019(365.76-426.72 cm) 0.446 0 0.549 0.005 115 J
SJSB019(426.72-487.68 cm) 0.541 0.275 0.18 0.003 98.8 J
SJSB019(60.96-121.92 cm) 0.961 0.001 0.029 0.009 13.0 J
SJSB020(0-15.24 cm) 0.905 0 0.084 0.011 3.22 J
SJSB020(121.92-182.88 cm) 0.958 0.002 0.036 0.004 8.29 J
SJSB020(15.24-30.48 cm) 0.938 0 0.055 0.007 24.9 J
SJSB020(182.88-243.84 cm) 0.971 0.003 0.024 0.002 6.79 J
SJSB020(243.84-304.8 cm) 0.989 0.002 0.006 0.003 4.59 J
SJSB020(30.48-60.96 cm) 0.957 0.001 0.038 0.004 11.6 J
SJSB020(304.8-365.76 cm) 0.971 0.002 0.022 0.005 3.76 J
SJSB020(365.76-426.72 cm) 0.979 0.003 0.014 0.004 2.86 J
SJSB020(426.72-487.68 cm) 0.978 0.005 0.014 0.003 1.04 J
SJSB020(60.96-121.92 cm) 0.946 0.013 0.038 0.004 0.958 J
SJSB021(0-15.24 cm) 0.947 0 0.044 0.009 11.3 J
SJSB021(121.92-182.88 cm) 0.948 0.012 0.034 0.007 3.45 J
SJSB021(15.24-30.48 cm) 0.973 0.001 0.023 0.003 9.28 J
SJSB021(182.88-243.84 cm) 0.92 0.037 0.038 0.006 8.99 J
SJSB021(243.84-304.8 cm) 0.684 0.299 0.007 0.011 26.7 J
SJSB021(30.48-60.96 cm) 0.956 0.001 0.036 0.007 3.17 J
SJSB021(304.8-365.76 cm) 0.146 0.837 0.009 0.008 3270 J
SJSB021(365.76-426.72 cm) 0.738 0.245 0.008 0.01 26.6 J
SJSB021(426.72-487.68 cm) 0.478 0.497 0.01 0.015 61.2 J
SJSB021(60.96-121.92 cm) 0.939 0.001 0.045 0.014 1.12 J
SJSB022(0-15.24 cm) 0.948 0.002 0.041 0.009 7.26 J
SJSB022(121.92-182.88 cm) 0.938 0.035 0.018 0.009 8.58 J
SJSB022(15.24-30.48 cm) 0.948 0.004 0.041 0.008 4.58 J
SJSB022(182.88-243.84 cm) 0.948 0.043 0.006 0.003 2.08 J
SJSB022(243.84-304.8 cm) 0.952 0.041 0.004 0.003 1.14 J
SJSB022(30.48-60.96 cm) 0.926 0.002 0.063 0.009 6.64 J
SJSB022(304.8-365.76 cm) 0.344 0.615 0.016 0.026 1,570 J
SJSB022(365.76-426.72 cm) 0.922 0.061 0.012 0.005 0.838 J
SJSB022(426.72-487.68 cm) 0.904 0.069 0.019 0.008 4.16 J
SJSB022(60.96-121.92 cm) 0.954 0.002 0.034 0.01 11.6 J
SJSB023(0-15.24 cm) 0.911 0.042 0.038 0.01 36.9 J
SJSB023(121.92-182.88 cm) 0.129 0.854 0.01 0.007 35,500 J
SJSB023(15.24-30.48 cm) 0.863 0.079 0.05 0.008 36.8 J
SJSB023(182.88-243.84 cm) 0.274 0 0.71 0.016 331 J
SJSB023(243.84-304.8 cm) 0.293 0 0.703 0.004 453 J
SJSB023(30.48-60.96 cm) 0.484 0.463 0.039 0.013 303 J
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Location ID (depth) EM1 EM2 EM3 Residual

Table 6-15

Fractional Contributions of the Three End Members to Each Soil Sample Collected South of I-10

TEQDF,M (ng/kg)
SJSB023(304.8-365.76 cm) 0.236 0.123 0.64 0.002 733 J
SJSB023(365.76-426.72 cm) 0.224 0.135 0.64 0.001 443 J
SJSB023(426.72-487.68 cm) 0.199 0.513 0.273 0.016 511 J
SJSB023(60.96-121.92 cm) 0.141 0.828 0.012 0.019 2,380 J
SJSB024(0-15.24 cm) 0.864 0.09 0.042 0.004 32.8 J
SJSB024(121.92-182.88 cm) 0.149 0.819 0.011 0.022 272 J
SJSB024(15.24-30.48 cm) 0.869 0.055 0.07 0.006 14.1 J
SJSB024(182.88-243.84 cm) 0.329 0.639 0.017 0.015 64.4 J
SJSB024(243.84-304.8 cm) 0.907 0.083 0.007 0.004 1.96 J
SJSB024(30.48-60.96 cm) 0.904 0.038 0.052 0.007 3.00 J
SJSB024(304.8-365.76 cm) 0.982 0.011 0.004 0.003 0.794 J
SJSB024(365.76-426.72 cm) 0.99 0.006 0.001 0.003 0.685 J
SJSB024(426.72-487.68 cm) 0.986 0.002 0.001 0.011 0.142
SJSB024(60.96-121.92 cm) 0.508 0.459 0.021 0.013 79.4 J
SJSB025(0-15.24 cm) 0.996 0.002 0.001 0.001 7.64 J
SJSB025(121.92-182.88 cm) 0.042 0.927 0.013 0.018 2,050 J
SJSB025(15.24-30.48 cm) 0.959 0.027 0.012 0.002 6.74 J
SJSB025(182.88-243.84 cm) 0.192 0.784 0.009 0.014 65.4 J
SJSB025(243.84-304.8 cm) 0.954 0.043 0 0.004 0.552 J
SJSB025(30.48-60.96 cm) 0.917 0.052 0.026 0.006 2.10 J
SJSB025(304.8-365.76 cm) 0.977 0.002 0 0.021 0.0917 J
SJSB025(365.76-426.72 cm) 0.972 0.024 0.001 0.003 3.02 J
SJSB025(426.72-487.68 cm) 0.287 0.689 0.012 0.012 12.9 J
SJSB025(60.96-121.92 cm) 0.173 0.8 0.011 0.017 640 J
SJSB026(0-15.24 cm) 0.915 0 0.084 0.001 11.2 J
SJSB026(121.92-182.88 cm) 0.396 0.261 0.34 0.003 195 J
SJSB026(15.24-30.48 cm) 0.812 0 0.186 0.002 21.1 J
SJSB026(182.88-243.84 cm) 0.314 0.076 0.598 0.012 325 J
SJSB026(243.84-304.8 cm) 0.445 0.026 0.505 0.024 23.5 J
SJSB026(30.48-60.96 cm) 0.862 0.001 0.133 0.003 23.5 J
SJSB026(304.8-365.76 cm) 0.505 0.181 0.31 0.004 2.75 J
SJSB026(365.76-426.72 cm) 0.848 0.042 0.109 0.001 6.18 J
SJSB026(426.72-487.68 cm) 0.946 0.039 0.013 0.002 2.11 J
SJSB026(60.96-121.92 cm) 0.853 0.01 0.13 0.007 22.0 J
SJSB027(0-15.24 cm) 0.991 0.004 0.004 0.001 20.8 J
SJSB027(121.92-182.88 cm) 0.995 0.002 0.002 0.001 0.525 J
SJSB027(15.24-30.48 cm) 0.992 0.004 0.002 0.002 14.9 J
SJSB027(182.88-243.84 cm) 0.959 0.025 0.015 0.001 4.37 J
SJSB027(243.84-304.8 cm) 0.988 0.002 0.008 0.002 0.200 J
SJSB027(30.48-60.96 cm) 0.993 0.005 0.001 0.001 9.05 J
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Location ID (depth) EM1 EM2 EM3 Residual

Table 6-15

Fractional Contributions of the Three End Members to Each Soil Sample Collected South of I-10

TEQDF,M (ng/kg)
SJSB027(304.8-365.76 cm) 0.946 0.041 0.011 0.002 2.47 J
SJSB027(365.76-426.72 cm) 0.993 0.003 0.001 0.003 0.192 J
SJSB027(426.72-487.68 cm) 0.988 0.003 0.004 0.005 0.111 J
SJSB027(60.96-121.92 cm) 0.969 0.005 0.025 0.001 4.43 J
SJTS032(0-15.24 cm) 0.997 0 0 0.003 1.97 J
SJTS032(15.24-30.48 cm) 0.997 0 0 0.003 13.9 J
SJTS033(0-15.24 cm) 0.996 0.001 0.001 0.002 22.7 J
SJTS033(15.24-30.48 cm) 0.996 0.001 0.001 0.002 8.42 J
SJTS034(0-15.24 cm) 0.927 0 0.062 0.011 1.35 J
SJTS034(15.24-30.48 cm) 0.93 0 0.059 0.01 1.11 J
Notes

EM = end member
J  = estimated
TEQDF,M (ND=1/2DL) = Toxicity equivalent for 2,3,7,8-TCDD calculated using dioxins and furans and 
mammalian toxicity equivalency factors (Van den Berg et al. 2006) with non detects set at one-half the 
detection limit.
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Analyte 1 Analyte 2 Tau P
2,3,7,8-TCDD 2,3,7,8-TCDF 0.88 0.000
2,3,7,8-TCDD Cadmium 0.21 0.000
2,3,7,8-TCDD Chromium 0.14 0.016
2,3,7,8-TCDD Copper 0.11 0.066
2,3,7,8-TCDD Lead 0.25 0.000
2,3,7,8-TCDD Zinc 0.06 0.283
2,3,7,8-TCDF Cadmium 0.27 0.000
2,3,7,8-TCDF Chromium 0.20 0.001
2,3,7,8-TCDF Copper 0.17 0.003
2,3,7,8-TCDF Lead 0.31 0.000
2,3,7,8-TCDF Zinc 0.12 0.031
Cadmium Chromium 0.66 0.000
Cadmium Copper 0.66 0.000
Cadmium Lead 0.71 0.000
Cadmium Zinc 0.64 0.000
Chromium Copper 0.65 0.000
Chromium Lead 0.66 0.000
Chromium Zinc 0.61 0.000
Copper Lead 0.68 0.000
Copper Zinc 0.77 0.000
Lead Zinc 0.69 0.000

Table 6-16
Results of Analyses of Statistical Correlations among Selected 

Chemicals in Soils Collected South of I-10
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RME CTE RME CTE RME CTE
Hypothetical Trespasser - Direct exposure to soils 6E-03 4E-04 2E-07 9E-09 2E-04 2E-05
Hypothetical Commercial Worker - Direct exposure to soils 2E-01 4E-02 3E-05 3E-06 6E-03 2E-03
Hypothetical Construction Worker, Scenario 1 - Direct exposure to 
soils 5E+00 1E+00 3E-07 5E-08 2E+00 3E-01
Hypothetical Construction Worker, Scenario 2 - Direct exposure to 
soils 2E+01 4E+00 3E-07 6E-08 7E+00 1E+00
Hypothetical Construction Worker, Scenario 3 - Direct exposure to 
soils 4E-01 8E-02 3E-06 5E-07 4E-03 7E-04
Hypothetical Construction Worker, Scenario 4 - Direct exposure to 
soils 2E+01 3E+00 1E-06 2E-07 5E+00 1E+00
Hypothetical Construction Worker, Scenario 5 - Direct exposure to 
soils 1E+00 2E-01 9E-08 2E-08 4E-01 7E-02

Notes

CTE = central tendency exposure
HI = hazard index
RME = reasonable maximum exposure
TEQDF,M = toxicity equivalent for dioxins and furans using toxicity equivalency factors for mammals 

Table 6-17
 Summary of Baseline Hazards and Risks for the Area of Investigation on the Peninsula South of I-10

Noncancer HI Cancer Risk TEQDF,M Cancer HI

Shaded cells indicate noncancer HI >1, cancer risk >1E-04, or TEQDF,M cancer HI >1. 
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RME CTE RME CTE
450 2,500 1,500 8,200

Notes
CTE = central tendency estimate
dw = dry weight
PCL = protective concentration level
RME= reasonable maximum exposure
TEQDF,M = toxicity equivalent for dioxins and furans using toxicity 
equivalency factors for mammals 

Noncancer Hazard Quotient = 1 
(ng/kg dw)

Cancer Hazard Quotient = 1 (ng/kg 
dw)

Table 6-18
Hypothetical Future Construction Worker PCLs for TEQDF,M
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Overview of Area within USEPA’s Preliminary Site Perimeter
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a Designation of the sand separation area is intended to be a general reference to areas in which such activities
are believed to have taken place based on visual  observations of aerial photography from 1998  through 2002.
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Figure 1-3 
Aerial View of TCRA Project Area, Before and After 

TCRA Implementation 
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FEATURE SOURCES:
Aerial Imagery: 0.5-meter January 2009 DOQQs - Texas Strategic Mapping Program (StratMap), TNIS
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Figure 2-2
Nature and Extent Sediment Sampling Locations

within USEPA's Preliminary Site Perimeter
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site[ COPC = Chemical of Potential Concern
PCB = Polychlorinated Biphenyl

FEATURE SOURCES:
Aerial Imagery: 0.5-meter 2008/2009 DOQQs -
Texas Strategic Mapping Program (StratMap), TNRIS;
Contours: NOS Survey H10619 (1995)
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Figure 2-3
Upstream Background Sediment Sampling Locations

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

BERA = Baseline Ecological Risk Assessment
BHHRA = Baseline Human Health Risk Assessment
COPC = Chemical of Potential Concern

FEATURE SOURCES:
Aerial Imagery: 0.5-meter 2008/2009 DOQQs 
- Texas Strategic Mapping Program (StratMap), TNRIS;
Contours: NOS Survey H10619 (1995)
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Figure 2-4
Intertidal Sediment Sampling Locations

within USEPA's Preliminary Site Perimeter
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site[ BERA = Baseline Ecological Risk Assessment
BHHRA = Baseline Human Health Risk Assessment
COPC = Chemical of Potential Concern

FEATURE SOURCES:
Aerial Imagery: 0.5-meter 2008/2009 DOQQs - Texas Strategic Mapping Program (StratMap), TNRIS;
Contours: NOS Survey H10619 (1995)
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Figure 2-5
Geotechnical and Vane Shear Test Locations

within USEPA's Preliminary Site Perimeter
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site

FEATURE SOURCES:  Aerial Imagery: 0.5-meter 2008/2009 DOQQs - Texas Strategic Mapping Program (StratMap), TNRIS
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Samples from Stations SJVS002 – SJVS015, SJVS017 and SJVS018 were analyzed for volatile
and semivolatile organic compounds, although these analyses were not specified in the sampling and analysis plan.
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Figure 2-6
Fish Collection Areas and Tissue Sampling Transects

within USEPA's Preliminary Site Perimeter
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site

a Designation of the sand separation area is intended to be a general reference to areas in which such activities
are believed to have taken place based on visual  observations of aerial photography from 1998  through 2002.
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Aerial Imagery: 0.5-meter January 2009 DOQQs - Texas Strategic Mapping Program (StratMap), TNIS
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Figure 2-7
Upstream Background Tissue Sampling Transects

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 2-8
Cedar Bayou Background Fish Collection Area

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

FEATURE SOURCES:
Aerial: ESRI USA Prime Imagery, 2008
Transportation Lines: ESRI World Transportation
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Figure 2-9
Additional Background Fish Collection Area

for Hardhead Catfish and Blue Crab
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
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Figure 2-10
Soil Investigation Areas 1, 2, and 3 and Related Soil Sampling

Locations within USEPA’s Preliminary Site Perimeter
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
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Figure 2-11
Soil Investigation Area 4 and Adjacent Soil

Sampling Locations
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
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* USEPA’s Interpretation

FEATURE SOURCES:
Aerial Imagery: 0.5-meter 2008/2009 DOQQs - Texas Strategic Mapping Program (StratMap), TNRIS

Soil Investigation Area 4a

Soil Investigation Area 4b
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Approximate impoundment boundary derived from historical TDH drawing

Boundary of a wetted area that is visible in a 1966 aerial photograph

The smaller of two approximate impoundment boundaries proposed by 
USEPA on the basis of historical drawings by the TDH *

The larger of two approximate impoundment boundaries proposed by 
USEPA on the basis of historical drawings by the TDH 
and boundary of Soil Investigation Area 4 *

Soil Core at 2 Ft Intervals with Surface, Shallow Subsurface and Deep Subsurface Sample Intervals:
0-6, 6-12 and 12-24 Inches
Soil Core at 2 Ft Intervals with Surface, Shallow Subsurface and Deep Subsurface Sample Intervals:
0-6, 6-12 and 12-24 Inches: Full Suite of VOCs and SVOCs at Odd 2 Ft Intervals
Soil Core at 2 Ft Intervals with Surface, Shallow Subsurface,
and Deep Subsurface Sample Intervals: 0-6, 6-12 and 12-24 Inches; Dioxins and Furans Only Except Where Ordered by EPA
Soil Core at 2 Ft Intervals (Dioxins and Furans Only)

Surface and Shallow Subsurface Sample Location: 0-6 and 6-12 inches
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Figure 2-12
Groundwater Sampling and Permeability Test Locations

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Groundwater Monitoring Well Locations in

Soil Investigation Area 4
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site

*USEPA’s Interpretation

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
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The smaller of two approximate impoundment boundaries proposed by 
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USEPA on the basis of historical drawings by the TDH 
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Figure 2-14
Locations of SPME Sampling Stations

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 2-15
Background Soil Sampling Locations

in the I-10 Beltway 8 East Green Space
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Aerial Imagery: ESRI Prime Imagery, 2009
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Blue Crab Sample Locations
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Aerial Imagery: ESRI Prime Imagery, 2009
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Figure 3-2
Surface Water Flow Paths North of I-10
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San Jacinto River Waste Pits Superfund Site

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
Transportation Lines: OpenStreetMap
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Figure 3-3
Surface Water Flow Paths South of I-10
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San Jacinto River Waste Pits Superfund Site

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
Transportation Lines: OpenStreetMap
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HORIZONTAL DATUM: Texas South Central NAD 83, US Survey Feet.
VERTICAL DATUM: NAVD 88.
NOTES:
1. Deep wells are double cased (not depicted) into Upper Beaumont Clay.
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TSS Concentration in Groundwater (mg/L)
2,3,7,8-TCDD Concentration in Groundwater (pg/L)
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A A'

General Stratigraphy of the Impoundments North of I-10, Cross Section A-A'
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Figure 3-7
Stratigraphy of Soils and TEQDF,M
South of I-10, Cross-Section A-A'

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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HORIZONTAL DATUM: Texas South Central NAD 83, US Survey Feet.
VERTICAL DATUM: NAVD 88.

NOTES:
1. J = Estimated value.  One or more congeners used to calculate the

TEQDF,M concentration was not detected.
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Figure 3-8
Stratigraphy of Soils and TEQDF,M
South of I-10, Cross-Section B-B'
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HORIZONTAL DATUM: Texas South Central NAD 83, US Survey Feet.
VERTICAL DATUM: NAVD 88.

NOTES:
1. J = Estimated value.  One or more congeners used to calculate the

TEQDF, M concentration was not detected.
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Figure 3-9
Stratigraphy of Soils and TEQDF,M
South of I-10, Cross-Section C-C'

Remedial Investigation Report
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HORIZONTAL DATUM: Texas South Central NAD 83, US Survey Feet.
VERTICAL DATUM: NAVD 88.

NOTES:
1. J = Estimated value.  One or more congeners used to calculate the

TEQDF, M concentration was not detected.
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Figure 3-10
Stratigraphy of Soils and TEQDF,M
South of I-10, Cross-Section D-D'

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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HORIZONTAL DATUM: Texas South Central NAD 83, US Survey Feet.
VERTICAL DATUM: NAVD 88.

NOTES:
1. J = Estimated value.  One or more congeners used to calculate the

TEQDF, M concentration was not detected.
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Figure 3-11 
      
    

Photos of Interpreted Fill Materials
in Soil Investigation Area 4

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

2 - An example of light clay (mottled) beneath brown sandy silt

4 - An example of gray silty sand on top of vegetative-rich silt

1 - An example of brown sandy silt with gravel

3 - An example of dark gray sandy silt with clay with debris beneath light clay



   

Figure 3-12 
      
    

Photos of Interpreted Naturally Deposited Materials
in Soil Investigation Area 4

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

3 - An example of light gray silty clay 4 - An example of shells in clay

2 - An example of dark gray to black clay1 - An example of peat between disturbed black clay (no rootlets) and undisturbed 
black clay (with rootlets)
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Figure 3-7
Generalized Cross-Section Showing Hydrogeologic Units 

of Interest in Houston, Texas, Area
SJRWP Remedial Investigation Report

SJRWP Superfund/MIMC and IPC

Figure 3-13

                                                          

From: USGS (2002)
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Figure 2-9 
Map of Recharge Areas in Chicot and Evangeline Aquifers north of Houston, TX area 

SJRWP RI/FS Work Plan 
SJRWP Superfund/MIMC and IPC 
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         Approximate Site location 

Figure 3-14
Recharge Areas in Chicot and Evangeline Aquifers North of Houston, Texas, Area

          Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

From: USGS (1997)



Figure 2-10 
Stiff Diagrams of Private Wells and San Jacinto River 

SJRWP RI/FS Work Plan 
SJRWP Superfund/MIMC and IPC 
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Figure 3-15
Stiff Diagrams of Private Wells and San Jacinto River 
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San Jacinto River Waste Pits Superfund Site



Figure 2-11 
Piper Diagram of Private Wells and San Jacinto River 

SJRWP RI/FS Work Plan
SJRWP Superfund/MIMC and IPC
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Figure 3-10
Piper Diagram of Private Wells and San Jacinto River

SJRWP Remedial Investigation Report
SJRWP Superfund/MIMC and IPC

Figure 3-16

           Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 3-20
Land Use in the Vicinity of USEPA's Preliminary Site Perimeter
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Figure 3-22
Habitats in the Vicinity of USEPA's Preliminary Site Perimeter

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 3-23
2010 Wetland Delineation
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Figure 4-1a
Estimated Areas in Which Surface Sediment TEQDF,M

Exceeds the REV for Sediment
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site

0 1,000

Feet

N
:\G

IS
\P

ro
je

ct
s\

C
64

3_
S

JW
as

te
_I

P
C

\P
ro

du
ct

io
n_

M
X

D
s\

R
I_

R
ep

or
t\9

21
20

12
ed

its
\F

ig
ur

e 
4-

1 
TE

Q
df

 a
bo

ve
 R

E
V

 s
ed

im
en

t.m
xd

 -
 5

/1
0/

20
13

 @
 1

:5
3:

51
 P

M

Surface Sediment TEQDF,M Reference Envelope Value (REV) Exceedances

Does Not Exceed REV

Exceeds REV
USEPA’s Preliminary Site Perimeter

NOTES:
Surface sediment TEQDF,M REV is 7.2 ng/kg
REV = reference envelope value
TEQDF,M = toxicity equivalent for dioxins and furans



S A N   J A C I N T O   R I V E R

Figure 4-1b
Estimated Areas in Which Surface Sediment TEQDF,M

Exceeds the REV and Interpolated
Total Organic Carbon (Percent) in Sediment

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 4-1c
Estimated Areas in Which Surface Sediment TEQDF,M

Exceeds the REV and Interpolated Distribution of
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Distribution of TEQDF, M in Soils of the

TxDOT Right-of-Way and North of I-10
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NOTES:
J = Estimated.
U = Undetected at detection limit shown.

Concentrations in bold indicate values above
reference envelope value (REV) in surface soil;  REV= 0.164 mg/kg dw for Mercury
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Figure 5-4a
TEQDF,M Concentrations in Surface Sediment

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

Notes:
TEQDF,M = Toxicity equivalent for 2,3,7,8-TCDD calculated for dioxins and furans
using mammalian TEFs from van den Berg et al. (2006) (nondetect = 1/2 detection limit)

J = Estimated.  One or more congeners used to calculate the TEQDF,M was not detected.

Concentrations in bold indicate values above reference envelope value (REV); REV = 7.2 ng/kg dw
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Original 1966 Perimeter of the
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TEQDF,M Concentrations and

Notes:
TEQDF,M = Toxicity equivalent for 2,3,7,8-TCDD
calculated for dioxins and furans using mammalian
TEFs from van den Berg et al. (2006)
(nondetect = 1/2 detection limit)
J = Estimated.  One or more congeners used to calculate the TEQDF,M was not detected.
Concentrations in bold indicate values above reference envelope value (REV); REV = 7.2 ng/kg dw
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Remedial Investigation Report
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Figure 5-6a
TEQP, M (ND = 1/2 DL) Concentrations

in Surface Sediment
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
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Figure 5-6b
TEQP, M (ND = 1/2 DL) Concentrations
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Remedial Investigation Report
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Remedial Investigation Report
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Figure 5-8a
Mercury Concentrations in Surface Sediment

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 5-8b
Mercury Concentrations and

Total Organic Carbon (Percent)
in Surface Sediment

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 5-8c
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Figure 5-9
Mercury Concentrations in Sediment Cores

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

N
:\G

IS
\P

ro
je

ct
s\

C
64

3_
S

JW
as

te
_I

P
C

\P
ro

du
ct

io
n_

M
X

D
s\

R
I_

R
ep

or
t\9

21
20

12
ed

its
\F

ig
ur

e 
5-

9 
M

er
cu

ry
 in

 S
ed

im
en

t c
or

es
.m

xd
 - 

5/
10

/2
01

3 
@

 2
:3

0:
37

 P
M

USEPA’s Preliminary Site Perimeter

Original 1966 Perimeter of the
Impoundments North of I-10

Core Location

Surface Sediment
Sample Location

0 800

Scale in Feet

Notes:

J = Estimated.
U = Undetected at detection limit shown.

Concentrations in bold indicate values above
reference envelope value (REV);  REV= 0.100 mg/kg dw

0

1

3

4

6

0

60.96

121.92

182.88

91.44

FeetCentimeter

2

30.48

S A N            J A C I N T O           R I V E R

=0.077

0.033 - 0.077

0.015 - 0.033

0.007 - 0.015

<0.007

Mercury (mg/kg dw)
Cores



Figure 5-10
Interpolated Total Organic Carbon (Percent)

in Surface Sediment
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site

Notes: Data interpolated with inverse distance weighting
using a variable search radius of 12 points and a power of 2.
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Notes: Data interpolated with inverse distance weighting
using a variable search radius of 12 points and a power of 2.
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Figure 5‐13
Cross Section C‐C' through the Northern Impoundments Showing TEQDF,M

Concentrations in Soil and Sediment Borings Collected During the RI
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
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SOURCE: Drawing prepared from COE.  Bathymetry has been compiled from a 2/16/09 and 6/12/10 survey conducted by Hydrographic
Consultants, LTD of Bellaire, Texas. Upland contours generated from LiDAR data collected by Merrick & Co., published 11/4/2008.
HORIZONTAL DATUM: Texas South Central NAD 83, US Survey Feet.
VERTICAL DATUM: NAVD 88.
NOTES:
1. Waste/Alluvium interface interpreted from density/material change observed in field.  Contrast in physical properties of material may

not be consistent with vertical extent of waste; the specific extent of the waste deposit is still under evaluation.
2. J = Estimated value.  One or more congeners used to calculate the TEQDF,M concentration was not detected.
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Figure 5-15

 
      
    
    

Principal Component Analysis of Dioxin-like PCBs
in Sediments from within USEPA’s Preliminary Site

Perimeter and in the San Jacinto River Estuary
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site

Notes:
     Arrows represent the relative loadings of PCB congeners on the principal component axes.
     The different colored symbols represent sample groups resulting from a hierarchical cluster analysis.



Figure 5-16
Hierarchical Cluster Tree for Dioxin-like PCBs in Sediments from within

USEPA’s Preliminary Site Perimeter and in the San Jacinto River Estuary
      

Remedial Investigation Report
   
 San Jacinto River Waste Pits Superfund Site  



   

Figure 5-17 
      
    

Comparison of TEQP,M in Sediment Samples from
Multiple Locations throughout the Region

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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TEQDF,M in Clam and Gulf Killifish Tissues by Location
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
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Transects are listed upstream to downstream, left to right.
Transect 1 has only bivalve data, while Transect 2 has only killifish data. These transects are located within close proximity to each other in fish collection area 
(FCA) 1, as shown in Figure 2-6.
TEQDF,M = Toxicity equivalent for dioxins and furans calculated using toxicity equivalency factors for mammals
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Figure 5-19 
      
    
    

TEQP,M in Clam and Gulf Killifish Tissues by Location
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
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Notes:
Transects are listed upstream to downstream, left to right.
Transect 1 has only bivalve data, while Transect 2 has only killifish data. These transects are located within close proximity to each other in fish collection area 
(FCA) 1, as shown in Figure 2-6.
TEQP,M = Toxicity equivalent for dioxin-like PCBs calculated using toxicity equivalency factors for mammals



   

Figure 5-20 
      
    

TEQP,M in Hardhead Catfish Fillet from the
Downstream San Jacinto River Estuary and Cedar Bayou

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 5-21 
      
    

TEQP,M in Edible Blue Crab Tissue from the
Downstream San Jacinto River Estuary and Cedar Bayou

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 5-22 
      
    
    

Mercury in Clam and Gulf Killifish Tissues by Location
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
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Notes:
Transects are listed upstream to downstream, left to right.
Transect 1 has only bivalve data, while Transect 2 has only killifish data. These transects are located within close proximity to each other in FCA 1 (Figure 2-6).
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Figure 5-24
Scatter Plot of TCDD vs. OCDD Concentrations in Sediment

      

Remedial Investigation Report
   
 San Jacinto River Waste Pits Superfund Site  

Notes: 
     Surface and subsurface samples collected as part of the remedial investigation.
     The size of the circle is proportional to the TEQDF,M concentration of each sample represented.
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Figure ADN 1 
Scatterplot of TCDD vs. OCDD Concentrations in Sediment

Notes:
Surface and subsurface samples collected as part of the remedial investigation on and around the Site.

The size of the circle is proportional to the TEQ concentration of each sample represented.
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Figure 5-25
 Examples of Dioxin and Furan Fingerprints of General
      
    
    

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

Combustion Sources in Urban Environments
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Figure 5-26

 
      
    
    

Representation of the Solution Space for
Three-End-Member Unmixing Models

Using All Baseline Soil and Sediment Data
Remedial Investigation Report
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Figure 5-27
Conceptual Model of Dioxin and Furan Sources

and Sinks within USEPA’s Preliminary Site Perimeter
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Figure 5-28 
      
    
    

Akaike’s Information Criterion for Unmixing Models
Using All Baseline Soil and Sediment Data Except

Soil Data from Soil Investigation Area 4
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
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Figure 5-29
Dioxin and Furan Composition of the Two End Members for Unmixing

Models Using All Baseline Soil and Sediment Data Except Soil Data
from Soil Investigation Area 4
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Figure 5-30
Distribution of End Member Proportions in All Baseline Sediment,

and in Soils Collected from the TxDOT Right-of-Way
and North of I-10

Remedial Investigation Report
San Jacinto River Waste Pits Superfund SiteNOTE:

For cores or locations with multiple depth increments, only the
increment with the highest TEQDF,M is plotted.

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
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Figure 5-31
Spatial Representation of the Relationship Between TEQDF,M and in

End Member Proportions in All Baseline Sediment, and in Soils
Collected From the TxDOT Right-of-Way and North of I-10

Remedial Investigation Report
San Jacinto River Waste Pits Superfund SiteNOTE:

For cores or locations with multiple depth increments, only the increment with the highest TEQDF,M
is plotted. Samples with a TEQDF,M greater than 200 ng/kg are displayed with the same size symbol.

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District

Original 1966 Perimeter of the Impoundments North of I-10
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Figure 5-32
Spatial Representation of the Relationship between TEQDF,M and

End Member Proportions in Surface Sediment, and in Surface Soil
Collected From the TxDOT Right-of-Way and North of I-10

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

NOTE:
Samples with a TEQDF,M greater than 200 ng/kg are displayed with the same size symbol.

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District

Original 1966 Perimeter of the Impoundments North of I-10
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Figure 5-33
Fractional Contributions of EM1 to All Baseline

Surface and Subsurface Sediment, and to Soil Samples
Collected from the TxDOT Right-of-Way and North of I-10

Remedial Investigation Report
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Figure 5-34
Fractional Contributions of EM2 to All Baseline

Surface and Subsurface Sediment, and to Soil Samples
Collected from the TxDOT Right-of-Way and North of I-10

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 5-35 
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San Jacinto River Waste Pits Superfund Site    

Conceptual Site Model Pathways for the Area
North of I-10 and Aquatic Environment

Sources Release Mechanisms/Transport Pathways

Notes:
Other regional sources may include industrial effluents, publicly owned treatment works, and stormwater.
Curved lines indicate potential transport pathways for chemicals of potential concern among exposure media.
aBenthic macroinvertebrates include crabs and other crustaceans and shellfish that may be consumed by all hypothetical receptors, as well as polychaetes and other infauna consumed by fish, other marine life, birds and mammals. 
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Figure 5.6-1
Fate and Transport Processes 

Draft Remedial Investigation Report 
San Jacinto River Waste Pits Superfund Site 

Figure 5-36
Fate and Transport Processes
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Figure 5.6-2
Measured Flow Rate and Water Surface Elevation at USGS
Gauging Station at US90 Bridge Near Sheldon, Texas: 2001
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Figure 5-37
Measured Flow Rate and Water Surface Elevation at USGS 
Gauging Station at US90 Bridge Near Sheldon, Texas: 2001
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Figure 5.6-3
Measured Flow Rate and Water Surface Elevation at USGS
Gauging Station at US90 Bridge Near Sheldon, Texas: 2008
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Figure 5-38
Measure Flow Rate and Water Surface Elevation at USGS 

Gauging Station at US90 Bridge Near Sheldon, Texas: 2008 
Draft Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site 



!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(
!(!(

!(!(
!(!(!(
!(

!(

!( !(
!(

!(

!( !(!(
!(!(

!(

!( !( !(!(

!( !( !(

!(

!(

!(!(

!( !(

!(!(!( !(!( !( !(

!(!( !( !(!( !(!(
!(!( !(

!(!( !(!( !( !(!( !( !(

!(
!( !( !(!( !( !(!( !( !( !(

!( !( !( !(!( !(

!(
!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(
!(
!(

!(
!(

!(!(!(

!(!(

!(!(
!(!(

!(
!(!(!(!(!(

!( !(!(!(!(

!(
!(!(
!(!(!(!(

!(!(
!(

!(
!(

!(

!(!(
!(

!(

!(

")
")

")
")

")

")
")

")

")

")

")

")

")

")

")
")

")
") ")

")
")

")
")

")

")

")

")

")

")

")

")

")

")

")

")

")

")
")

")

")

")
")

")

")

")

")

")

")

")

")

")

")
")

")

")

")

")
")

")")
")

")

")

")

")

")
") ")

H
S 

- \
\H

O
U

L-
H

SA
M

AH
A

\D
_D

riv
e\

S
an

_J
ac

in
to

\D
oc

um
en

ts
\R

ep
or

ts
\2

01
2_

R
I_

R
ep

or
t\F

ig
ur

es
\S

JR
_l

ay
ou

t_
R

I_
rp

t_
po

rtr
ai

t_
12

09
14

.m
xd

Legend
Original 1966 Perimeter...

USEPA’s Preliminary Site Perimeter

Shoreline

Bed Probing Results
Sediment Type

") Non-Cohesive

") Cohesive

GSD Results
Sediment Type

!( Non-Cohesive

!( Cohesive

Figure 5-39
Sediment Bed Probing and GSD Sampling

Locations During 2010 and 2011 Surveys
        Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site

HOUSTON SHIP
CHANNEL

0 0.50.25
Miles

SAN JACINTO
RIVER

Houston

Grennel
Slough

[

Original 1966 Perimeter of the
Impoundments North of I-10



Core ID

0

1

2

3

4

5

6

N
et

 S
ed

im
en

ta
tio

n 
R

at
e

(c
m

/y
r)

Upstream
of PSP

Downstream
of PSP

Preliminary Site
Perimeter

N
D

M

N
D

M

SJRI001 SJRI002 SJRI003 SJRI004 SJRI005 SJRI006 SJRI007 SJRI008 SJRI009 SJRI010

Figure 5.6-5
Empirically Estimated Net Sedimentation Rates at
Radioisotope Core Locations in San Jacinto River

Draft Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

no discernible markers from which NSR can be reliably estimated

12

Figure 5-40
Empirically Estimated Net Sedimentation Rates at

Radioisotope Core Locations in San Jacinto River 
SJRWP Remedial Investigation Report 

SJRWP Superfund/MIMC and IPC

USEPA's Preliminary 
Site Perimeter

NDM = No Discernible Markers

Draft Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site



$+$+

#*

#*

#*

#*

#*

#*

SW-01SW-02

16622

11261

11197

11200

11193

0

9

4

1

5

8

2

6
3

7

11

17

10

16

15

12

14

13

M
C

S
 - 

\\h
el

io
s\

D
_D

riv
e\

P
ro

je
ct

s\
M

IM
C

\S
an

_J
ac

in
to

_R
IF

S
(0

90
55

7-
01

)\G
IS

\M
X

D
s\

ar
ch

iv
e\

la
yo

ut
_b

as
em

ap
_1

20
92

1_
R

I_
fig

.m
xd

0 0.5 1
Miles

[

Houston

Legend
USEPA's Preliminary Site
Perimeter
Original 1966 Perimeter 
of the Impoundments
North of I-10

#*

TMDL Water Column
Sampling Locations
(2002-2004)

$+

TCEQ Water Column
Sampling Locations in
Northern Impoundments
(2009)

River Miles
Channel

Roads
Interstate
Highway
Major Road
Local Road
Minor Road
Other Road
Ramp
Ferry
Pedestrian Way

Figure 5-41
TCEQ's Water Column Sampling Locations
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Figure 5-42a
Spatial Profile of Water Column TCDD Concentrations

SJRWP Remedial Investigation Report
SJRWP Superfund/MIMC and IPC

Non-detect samples set to 1/2 detection limit. Averages where >50% samples are non-detect are plotted with open symbols.
Averages represent locations within one mile and error bars are 2 standard errors of the mean.
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Figure 5-42b
Spatial Profile of Water Column TCDF Concentrations

SJRWP Remedial Investigation Report
SJRWP Superfund/MIMC and IPC

Non-detect samples set to 1/2 detection limit.
Averages represent locations within one mile and error bars are 2 standard errors of the mean.
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Figure 5-42c
Spatial Profile of Water Column OCDD Concentrations

SJRWP Remedial Investigation Report
SJRWP Superfund/MIMC and IPC

Non-detect samples set to 1/2 detection limit. Averages where >50% samples are non-detect are plotted with open symbols.
Averages represent locations within one mile and error bars are 2 standard errors of the mean.
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Figure 5-43a
Spatial Profiles of Water Column Dissolved- and Particulate-Phase TCDD Concentrations

SJRWP Remedial Investigation Report
SJRWP Superfund/MIMC and IPC

Non-detect samples set to 1/2 detection limit. Averages where >50% samples are non-detect are plotted with open symbols.
Averages represent locations within one mile and error bars are 2 standard errors of the mean.
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Figure 5-43b
Spatial Profiles of Water Column Dissolved- and Particulate-Phase TCDF Concentrations

SJRWP Remedial Investigation Report
SJRWP Superfund/MIMC and IPC

Non-detect samples set to 1/2 detection limit.
Averages represent locations within one mile and error bars are 2 standard errors of the mean.
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Figure 5.6-8
odels used in the Chemical Fate and Transport Modeling Study  
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Figure 5-44
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Figure 5-45
Conceptual Site Model Pathways for the Southern Impoundment

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

      
   
   

Sources Release Mechanisms/Transport Pathways

Notes:
Local sources may include industrial air emissions, vehicle or machinery fluid leaks, or other releases resulting from ongoing commercial activities.
Curved lines indicate potential transport pathways for chemicals of potential concern among exposure media.
a Evaluated for human receptors and burrowing mammals.
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Figure 6-1
Overview of Soil Investigation Area 4

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 6-2
1962 Aerial Photograph of Peninsula South of I-10

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 6-3
1964 Aerial Photograph of Peninsula South of I-10
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San Jacinto River Waste Pits Superfund Site
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Figure 6-4
1966 Aerial Photograph of Peninsula South of I-10
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San Jacinto River Waste Pits Superfund Site
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Figure 6-5
1964 and 1973 Aerial Photographs of

Peninsula South of I-10
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
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Upland Sand 
Separation Areaa

Figure 6-6
2008 LiDAR Hillshade of the Peninsula South of I-10

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

a Designation of the sand separation area is intended to be a general reference
to areas in which such activities are believed to have taken place based on visual
observations of aerial photography from 1998  through 2002.

Approximate impoundment boundary derived from historical TDH drawing

Boundary of a wetted area that is visible in a 1966 aerial photograph

The smaller of two approximate impoundment boundaries proposed by
USEPA on the basis of historical drawings by TDH*

The larger of two approximate impoundment boundaries proposed by
USEPA on the basis of historical drawings by the TDH
and the boundary of Soil Investigation Area 4*
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Figure 6-7
1989/1990 Aerial Photograph of Peninsula South of I-10

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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Figure 6-8
Distribution of TEQDF,M in Soil Investigation Area 4

and Adjacent Soils
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site

Notes:
TEQDF,M = toxicity equivalent for dioxins and furans using
mammalian TEFs from van den Berg et al. (2006) (nondetect =1/2 detection limit)

J = Estimated, One or more congeners used to calculate the TEQDF,M was not detected

Concentrations in bold indicate values above reference envelope value (REV); 
REV= 24.3 ng/kg dw

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
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Figure 6-9
Distribution of Total PCBs in Soil Investigation Area 4 Soils

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

NOTES:
J = Estimated
U = None of the chemicals included in this sum were detected
* Stations SJSB001 through SJSB010 and SJTS032 through SJTS034
are only Aroclor data. At all other stations total PCBs was calculated as
the sum of all 209 congeners. When Aroclors were not detected, total
PCBs is estimated as one half of the highest Aroclor detection limit.
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Figure 6-10
Distribution of LPAH in Soil Investigation Area 4 Soils

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

NOTES:
J = Estimated
U = None of the chemicals included in this sum were detected
* LPAH values were calculated with non-detects at half of the detection limit
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Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
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Figure 6-11
Distribution of HPAH in Soil Investigation Area 4 Soils

Remedial Investigation Report
San Jacinto River Waste Pits Superfund SiteNOTES:

J = Estimated
U = None of the chemicals included in this sum were detected
* HPAH values were calculated with non-detects at half of
the detection limit

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
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Figure 6-12
Distribution of BTEX in Soil Investigation Area 4 Soils

Remedial Investigation Report
San Jacinto River Waste Pits Superfund SiteNOTES:

J = Estimated
U = None of the chemicals included in this sum were detected
BTEX = Benzene, Toluene, Ethylbenzene and Xylenes
* BTEX values were calculated with non-detects at zero

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
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Figure 6-13
Distribution of Chlorinated VOCs in Soil
Investigation Area 4 and Adjacent Soils

Remedial Investigation Report
San Jacinto River Waste Pits Superfund SiteNOTES:

J = Estimated
U = None of the chemicals included in this sum were detected
* Chlorinated VOC values were calculated with non-detects at zero

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
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Figure 6-14
Distribution of Cadmium in Soil Investigation Area 4

and Adjacent Soils
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
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Hydrology: Harris County Flood Control District
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Figure 6-15
Distribution of Chromium in Soil Investigation Area 4

and Adjacent Soils
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
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Figure 6-16
Distribution of Copper in Soil Investigation Area 4

and Adjacent Soils
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
Notes:
J = Estimated

Concentrations in bold indicate values above
reference envelope value (REV);  REV =  18.9 mg/kg dw

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
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Figure 6-17
Distribution of Lead in Soil Investigation Area 4

and Adjacent Soils
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
Notes:
J = Estimated

Concentrations in bold indicate values above
reference envelope value (REV);  REV =  89.2 mg/kg dw

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
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Figure 6-18
Distribution of Zinc in Soil Investigation Area 4

and Adjacent Soils
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site
Notes:
J = Estimated

Concentrations in bold indicate values above
reference envelope value (REV);  REV = 299 mg/kg dw

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
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Figure 6-19
Detected Concentrations of Individual VOCs in Groundwater

in Soil Investigation Area 4 by Sampling Location      
Remedial Investigation Report   

 San Jacinto River Waste Pits Superfund Site  
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Figure 6-20

 
      
    
    

Akaike’s Information Criterion for Unmixing Models
Using Soil Investigation Area 4 and Adjacent Soils Data

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site
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AICc = Akaike’s Information Criterion corrected for small sample size
= lowest value of AICc among models, corresponding to the best-fit model



Figure 6-21
Dioxin and Furan Composition of the Three End Members for Unmixing

Models Using Soil Investigation Area 4 and Adjacent Soils Data
      

Remedial Investigation Report
 
 San Jacinto River Waste Pits Superfund Site  
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Figure 6-22
Distribution of End Member Proportions in All

Baseline Soil Samples Collected from Soil
Investigation Area 4 and the Adjacent Area

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

* USEPA’s Interpretation
For cores or locations with multiple depth increments, only the increment with the
highest TEQDF,M is plotted.

Approximate impoundment boundary derived from historical TDH drawing

Boundary of a wetted area that is visible in a 1966 aerial photograph

The smaller of two approximate impoundment boundaries proposed by 
USEPA on the basis of historical drawings by the TDH *

The larger of two approximate impoundment boundaries proposed by 
USEPA on the basis of historical drawings by the TDH
and boundary of Soil Investigation Area 4*
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Figure 6-23
Spatial Representation of the Relationship between TEQDF,M

and End Member Proportions in Soil
Investigation Area 4 and Adjacent Soils

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

* USEPA’s Interpretation
For cores or locations with multiple depth increments, only the increment with the highest
TEQDF,M is plotted. Samples with a TEQDF,M greater than 200ppt are displayed with the same
size symbol.

Approximate impoundment boundary derived from historical TDH drawing

Boundary of a wetted area that is visible in a 1966 aerial photograph

The smaller of two approximate impoundment boundaries proposed by 
USEPA on the basis of historical drawings by the TDH *

The larger of two approximate impoundment boundaries proposed by 
USEPA on the basis of historical drawings by the TDH
and boundary of Soil Investigation Area 4*
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Figure 6-24
Spatial Representation of the Relationship between

TEQDF,M and End Member Proportions in Soil
Investigation Area 4 and Adjacent Soils

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

* USEPA’s Interpretation

Samples with a TEQDF,M greater than 50ppt are displayed with the same size symbol.

Approximate impoundment boundary derived from historical TDH drawing

Boundary of a wetted area that is visible in a 1966 aerial photograph

The smaller of two approximate impoundment boundaries proposed by 
USEPA on the basis of historical drawings by the TDH *

The larger of two approximate impoundment boundaries proposed by 
USEPA on the basis of historical drawings by the TDH
and boundary of Soil Investigation Area 4*
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Figure 6-25
Fractional Contributions of EM1 to Each Baseline Surface and Subsurface

Soil Sample Collected from Soil Investigation Area 4 and the Adjacent Area
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
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Figure 6-26
Fractional Contributions of EM2 to Each Baseline Surface and Subsurface

Soil Sample Collected from Soil Investigation Area 4 and the Adjacent Area
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
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Figure 6-27
Fractional Contributions of EM3 to Each Baseline Surface and Subsurface

Soil Sample Collected from Soil Investigation Area 4 and the Adjacent Area
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site

FEATURE SOURCES:
Parcel Boundaries: Harris County Appraisal District
Hydrology: Harris County Flood Control District
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Figure 6-28
      
    
    

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

Correlation of TCDD and TCDF Concentrations in
Soils from Soil Investigation Area 4 and the Adjacent Area



Figure 6-29
      
    
    

Remedial Investigation Report
San Jacinto River Waste Pits Superfund Site

Correlation of TCDD and Chromium Concentrations in
Soils from Soil Investigation Area 4 and the Adjacent Area
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Figure 6-30
Exposure Unit for Soils, Area of Investigation

on the Peninsula South of I-10, 0-10 feet
Remedial Investigation Report

San Jacinto River Waste Pits Superfund Site

FEATURE SOURCES:
Aerial Imagery: 0.5-meter 2008/2009 DOQQs - Texas Strategic Mapping Program (StratMap), TNRIS

Surface and Subsurface Soil Sample Location
Exposure Unit for Deep Soils, 0-10 feet
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